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1.0 Introduction 

1.1 Purpose of the Interim Measure Completion Report 
This Interim Measure Completion Report (IM CR) presents the results of the recent shallow 

groundwater IM conducted at Solid Waste Management Unit (SWMU) 38, which used in 

situ chemical oxidation (ISCO). The results of pre- and post-IM performance monitoring for 

groundwater and soil are discussed herein. 

In addition, responses to South Carolina Department of Health and Environmental Control 

(SCDHEC)'s comments on the recently submitted IM CR for removal of contaminated 

surface soil at SWMU 38 are provided in this report. Calculations of 95-percent Upper 

Confidence Limit (UChs) values for two polychlorinated biphenyls (PCBs) in surface soil 

are presented, and these values are compared to the U.S. Environmental Protection Agency 

(EPA) Region 111 residential risk-based concentrations (RBCs). A risk assessment for the 

remaining potential chemicals of concern (COCs) is also presented to evaluate the current 

site risk and to determine whether additional corrective measures under the RCRA 

Corrective Action Program are warranted to enable site closeout. 

1.2 Background and Summary of Previous lnterim Measures 
SWMU 38, a Miscellaneous Storage area, is located to the north of Building 1605 along the 

northern boundary of the Charleston Naval Complex (CNC). Figure 1-1 shows the location 

of SWMU 38 within Zone A. Figure 1-2 presents the soil sample locations at SWMU 38. 

Although little historical information is available regarding the site, it has been used as a 

storage yard, associated with Buildings 1605 and 1604, for approximately 50 years. The site 

was more recently used for the storage of empty d m .  

The Zone A RFI Report, Revision 0 (EnSafe Inc. [EnSafe], 1998) concluded that the surface soil 

COCs at SWMU 38 included several metals, a PCB, and pesticides. No COCs were 

identified for the subsurface soils of SWMU 38 in the RFI report. Groundwater COCs at 

SWMU 38 were identified as metaLs and pesticides. Since completion of the RFI, several IMs 

have been completed at the site, including two that targeted contaminated soil and one that 

addressed groundwater, as discussed herein. In addition, during the preparation of an IM 

Work Plan (IM WP) by CH2M-Jones to conduct additional soil and groundwater sampling, 

the COCs identified in the RFI report were reevaluated using current evaluation criteria. A 
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brief description of these IMs and the reevaluation of the identified COCs is presented 

below. 

1.2.1 Contaminated Soil Interim Measure (NavylDET) 
An IM (SUPSHIP, 1998) was conducted for the Navy by the Environmental Detachment 

Charleston (DET) at SWMU 38 to remove pesticide-contaminated soil. The objective for this 

Rvl was the removal of soil containing DDT and DDE at concentrations above 6.5 milligrams 

per kilogram (mg/kg), and DDD concentrations greater than 9.2 mg/kg. Approximately 

500 cubic yards (yd3) of surface and subsurface soil were removed during this effort. 

Subsurface soil was removed to the top of the shallow water table. 

Two subsurface soil samples collected during the IM from the bottom of the excavation area 

reported elevated DDT and DDD concentrations (038S03001: DDD 19.0 mg/kg and DDT 

41.6 mg/kg; 038503101: DDD 123 mg/kg and DDT 388 mg/kg). Resampling of these 

locations was conducted in 2001 by CH2M-Jones. The resampling results, which did not 

confirm the presence of pesticides in subsurface soils above COPC screening criteria, were 

previously discussed in the Interim Measure Work Plan, In Situ Chemical Oxidation of DDD in 

Groundwater, SWMU 38, Zone A (CH2M-Jones, 2001b). Additional post-IM subsurface soil 

samples from these locations were also collected and analyzed for pesticides as part of the 

recent groundwater IM. The results of this resampling, presented later in this report, also do 

not indicate the presence of subsurface soils at levels above COPC screening criteria. 

1.2.2 Reevaluation of COCs Identified in the Zone A RFI Report, Revision 0 
In preparing the Corrective Measures Study Work Plan (CMS WP) for the initial soil and 

groundwater resampling effort (CH2M Jones, 2001a), CH2M-Jones evaluated the data 

collected during the RFI by the Navy/EnSafe team, in addition to data from the IM 

conducted for the Navy by the DET (1998). This evaluation concluded that the metals that 

were previously considered to be COCs for surface soil (beryllium, arsenic, and aluminum) 

were not COCs, and that the PCB Aroclor-1260 did not appear to be a COC for surface soil. 

The pesticide DDT and its degradation products DDE and DDD were identified as COCs 

for surface soil under the unrestricted (i.e., residential) land use scenario, in spite of the 

significant remediation achieved during the DET's IM. For groundwater, DDD and DDT 

were considered to be COCs, but arsenic and thallium were not considered to be COCs. 

Much of the calculated risk for the pesticides in surface soil was related to a single high 

reported value in one of the DET's confirmation samples. It was concluded that additional 

soil data would allow a better assessment of the residual surface soil risk after completion of 

the DET's soil IM. The collection of subsurface soil samples was also recommended to 
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assess whether leaching of pesticides to groundwater was of concern. Collection of 

additional surface soil to assess the extent of PCBs was also recommended by SCDHEC, and 

this additional PCB sampling was completed and formed the basis for a subsequent IM to 

remove PCB-impacted soil. Collection of additional groundwater samples was also 

determined to be warranted to assess whether s iphcan t  pesticide impacts to groundwater 

had occurred. All of these additional sampling activities have been completed. 

1.2.3 Surface Soil lnterim Measure (CH2M-Jones) 
CH2M-Jones conducted an IM in 2002 to remediate PCB-impacted surface soil at SWMU 38. 

An IM CR was submitted on June 12,2002, which summarized the IM and the data 

collected in support of the IM. SCDI3EC issued comments on the IM CR on July 11,2002. 

The responses to these comments are provided in Appendix A. 

1.2.4 Soil and Groundwater Sampling Prior to Groundwater lnterim Measure 
Soil sampling proposed in the Corrective Measures Work Plan, Source Area Delineation, SWMU 

38, Zone A (CM2M Jones, 2001a) was conducted to verify the extent of pesticide- 

contaminated surface and subsurface soil remaining after the first soil IM by the DET. The 

results of this sampling were previously reported in the Interim Measure Work Plan, In Situ 

Chemical Oxidation o f D D D  in Groutl~iwafer, S W M U  38, Zone A (CH2M Jones, 2001b). 

The results indicated that surface soil concentrations of pesticides were below applicable 

residential RBCs,md no further remedial efforts for pesticides in surface soil were 

warranted. The subsurface soil samples collected and analyzed during this effort, which 

targeted the locations of reported exceedances during the DET's soil IM, did not identdy 

subsurface soils with pesticide concentrations above COPC screening criteria (i.e., soil 

screening levels [SSLs]). 

Pesticides in groundwater above COPC screening criteria were previously detected at 

SWMU 38 in one well (A038GW001), which is located within the area where the DET 

conducted the first IM. This well was removed during the IM. In order to determine 

whether detectable pesticide contamination remained at that location, a replacement well 

was installed. A groundwater sample was collected from the re-installed well and analyzed 

for pesticides. The analytical results for DDD (0.97 micrograms per liter [pg/L]) indicated 

its presence above the RBC (0.28 pg/L). There is no maximum contaminant level (MCL) for 

DDD. 

Because groundwater results for DDD in the replacement well were above screening 

criteria, CH2M-Jones recommended, and subsequently implemented, an IM using ISCO 

SWMUlsZAGWlMCRREVO DOC 
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(Fenton's reagent). The objective of the IM was to reduce DDD concentrations to below its 

RBC (i.e., to achieve an approximately 75-percent reduction in concentration). The results of 

the IM are presented in this IM CR. 

1.3 Report Organization 
This IM CR consists of the following sections, including this introductory section: 

1.0 Introduction - Presents the purpose of the report and background information relating 

to the IM. 

2.0 Interim Measure Implementation - Summarizes the groundwater IM activities at 

SWMU 38. 

3.0 Interim Measure Outcome - Provides a discussion of post-IM activities. 

4.0 Recommendations - Provides recommendations for proceeding with site closure. 

5.0 References -Lists the references used in this document. 

Appendix A contains CH2M-Jones' responses to SCDHEC comments regarding the Interim 

Measure Work Plan, In Situ Chemical Oxidation of DDD in Groundwater, SWMU 38, Zone A 

(CHZM-Jones, 2M)lb) and the Interim Measure Completion Report, Soil Removal, SWMU 38, 

Zone A, Revision 0 (CH2M-Jones, 2002b). 

Appendix B contains the construction logs developed for the monitoring wells installed at 

SWMU 38. 

Appendix C contains the risk calculation data used in developing the risk assessment for 

soils and groundwater at SWMU 38. 

All tables and figures appear at the end of their respective sections 
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2.0 Interim Measure Implementation 

2.1 Pre-Interim Measure Activities 
This section provides a description of the activities conducted prior to the implementation 

of the groundwater IM at SWMU 38. 

2.1.1 Monitoring Well Installation 
On February 19,2002, CH2M-Jones and Columbia Technologies Inc. mobilized to SWMU 38 

to install two new groundwater monitoring wells (A038GW004 and A038GW005). These 

wells were installed to better define the nature and extent of groundwater contamination in 

the vicinity of monitoring well A038GW001, as requested by SCDHEC and to serve as 

downgradient monitoring points for the IM. The request for the installation of the 

monitoring wells was submitted by CH2M-Jones on February 4,2002, and was 

subsequently approved by SCDHEC. The construction details for the installation of the 

monitoring wells are included in Appendix B. The locations of the monitoring wells are 

presented on Figure 2-1. 

On February 27,2002, CH2M-Jones and Columbia Technologies Inc. mobilized to SWMU 38 

to install three injection wells for use in the IM using ISCO. They were installed according 

to the IM WP (CH2M-Jones, 2001b). The locations of the injection wells are presented on 

Figure 2-2. 

2.1.2 Baseline Groundwater Sampling 
In March 2002, groundwater samples were collected from one deep and four shallow wells 

to provide baseline data for evaluating the effectiveness of the IM. These samples were 

analyzed for volatile organic compounds (VOCs) and pesticides. A summary of the 

detected compounds is presented in Table 2-1. 

A review of the baseline analytical data shows that DDD was detected in two wells 

(A038GW001 and A038GW005 ) at 1.4 and 0.48 pg/L, respectively, above its RBC of 0.28 

pg/L. Vinyl chloride was detected in two wells (A038GW003 and A038GW004) at 25 and 13 

pg/L, respectively, above its MCL of 2 pg/L. Low levels of several other pesticides and 

VOCs were detected but no other detections exceeded COPC screening criteria. The VOCs 

are likely from nearby SWMU 39, and not related to SWMU 38. They will be addressed as 

part of the investigation and subsequent corrective measures at SWMU 39. 
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The detection of DDD in well A038GW001 was slightly greater than the previous detection 

of DDD (0.97 pg/L) in this well (during the 2001 collection event). 

2.1.3 Utility Clearance Related to Hess Oil Utilities 
Due to the proximity of SWMU 38 to aboveground storage tanks (ASTs) at the Hess Oil 

Property and the exothermic nature of the chemical oxidation process, CH2M-Jones 

contacted Hess Oil (Amerada Hess Corporation) to provide information on subsurface 

utilities near the site. Additionally, a site visit was made by the CH2M-Jones field team and 

Mark West of West Enterprises to determine if underground utilities were present near the 

site boundary. No underground utilities that could pose a problem were identified. 

However, CH2M-Jones decided not to inject hydrogen peroxide or a catalyst solution into 

the northernmost injector (injector 2) to provide an additional margin of safety. 

2.2 Interim Measure Execution 
On June 6,2002, equipment and personnel were mobilized to SWMLJ 38 to begin the 

oxidant injection. The IM was conducted in accordance with the IM WE' (CH2M-Jones, 

2001b) with the exception that the northern most injector (injector 2) was not used. The 

proposed volume of hydrogen peroxide was injected into the other two injector wells. The 

injection process took two days, and a total of 2,968 gallons of catalyst solution and 607.5 

gallons of hydrogen peroxide were injected. _ *C_ 

2.3 Post-Interim Measure Performance Sampling 

2.3.1 7-Day Performance Sampling 
On June 14,2002, groundwater samples were collected from one deep and four shallow 

monitoring wells. These 7-day performance samples were collected to help evaluate the 

effectiveness of the IM. The samples were analyzed for VOCs, SVOCs, and pesticides. A 

summary of the detected compounds is presented in Table 2-2. 

A review of the 7-day analytical data shows that DDD concentrations decreased somewhat 

relative to the pre-injection samples. The DDD concentration in well A038GW001 was 

reported at 0.86 pg/L, approximately 40 percent lower than the 1.4 pg/L value prior to 

injection. However, the 0.86 pg/L concentration remained above the target RBC value of 

0.28 pg/L. In well A038GW005, the 7-day post-injection value of 0.26 J pg/L was 

approximately half that of its pre-injection value (0.48 pg/L), and slightly below the target 

value of 0.28 pg/L. 
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Acetone and vinyl chloride were reported at concentrations above their respective screening 

criteria. Acetone was detected above its RBC (61 pg/L, hazard index [HI]=O.l) in the 

samples from monitoring wells A038GW001 (580 pg/L) and A038GWOO5 (1,200 pg/L). The 

reported presence of acetone may be due to its presence in isopropanol, which is used for 

field equipment decontamination, or due to laboratory contamination. However, it may also 

be a byproduct of the reaction of Fenton's reagent oxidants with natural organic material. 

Vinyl chloride was detected at a concentration above its MCL (2 pg/L) in the sample from 

monitoring well A038GW003 (17 pg/L). As previously indicated, vinyl chloride is not 

believed to be related to SWMU 38 operations. 

2.3.2 30-Day Performance Sampling 
On July 17,2002, groundwater samples were collected from four shallow and one deep 

monitoring wells. The 30-day performance samples were collected to help evaluate the 

effectiveness of the IM. The samples were analyzed for VOCs, SVOCs, and pesticides. A 

summary of the detected compounds is presented in Table 2-3. 

A review of the 30-day performance sample analytical data shows that DDD in well 

A38GW001 appeared to rebound to its pre-injection concentration (1.4 pg/L). The reason 

for this rebound is not clear. The DDD concentration detected in well A38GW005 (0.24 J 

pg/L), however, remained below its pre-injection concentration and below the RBC of 0.28 

pg/L. 

Vinyl chloride was detected at a concentration above its MCL (2 pg/L) in the samples from 

monitoring wells A038GW001(3.1 J pg/L), A038GW003 (19 pg/L), and A038GW004 (3.9 J 

pg/L). As previously discussed, the presence of the chlorinated solvents and their 

breakdown products are likely from nearby SWMU 39 and will be addressed as part of the 

remedial efforts at SWMU 39. Acetone and methyl ethyl ketone were not detected in the 30- 

day performance samples. 

2.3.3 Post-Interim Measure Subsurface Soil Sampling 
Subsurface soil samples were also collected after the IM at the locations of 038S03001 and 

03803101, where the DET's IM data had reported elevated pesticides, but which resampling 

by CH2M-Jones did not previously confirm. Samples were collected at the original target 

depth (approximate top of water table) and approximately 1 ft below this elevation in the 

saturated zone. Table 2-4 presents a summary of the detected compounds in these samples. 

Five pesticides (endrin ketone, gamma-chlordane, DDD, DDE, and DDT) and two VOCs 

(acetone and 2-butanone) were detected. None of the detected chemicals exceeded their 

respective SSLs. 
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2.4 Discussion of Groundwater Interim Measure Outcome 
The outcome of the groundwater IM can be described as partially successful. The DDD 

concentration in well A38GW005, which exceeded the RBC prior to the IM, did not exceed 

the RBC in either the 7- or 30-day post-IM monitoring. Thus, this area appears to have been 

successfully treated. However, the DDD concentration in well A39GW001, although 

originally reduced, remained above the RBC at the 7-day post-IM sampling and rebounded 

in the 30 day post-IM monitoring to its value immediately prior to the IM. 

There are several potential reasons as to why the IM was not completely successful. First, 

because the concentrations of the target compound DDD are relatively low (around 1 

pg/L), the reaction kinetics may not have been favorable for DDD oxidation relative to 

other organic chemicals present, including naturally occurring organics. Other organic 

compounds, such as natural organic matter, that are present in the soil at much greater 

concentrations than the DDD may have reacted preferentially with the oxidant, thereby 

reducing the amount of DDD treated. Reactions of Fenton's reagent with naturally 

occurring organic chemicals occur during all ISCO projects, however, because the target 

chemicals are typically also present at much higher concentrations, they are more 

competitive for oxidation reactions with the relatively short-lived hydroxyl radicals created 

by the Fenton's reagent. 

DDD is highly hydrophobic and binds strongly to soil particles. DDD bound to soil particles 

may have partially been shielded by the soil particles from the oxidant. In addition, the 

detected levels of DDD reported in these wells may have been impacted by turbidity, with 

minor amounts of DDD bound to particulates impacting the reported values. The collection 

of filtered versus unfiltered samples may clarify this issue. 

Finally, the results of the soil confirmation sampling indicate that no subsurface soil was 

identified at concentrations above the COPC screening criteria. The greatest concentrations 

of DDD were detected at the elevation nearest to the top of the water table (approximately 6 

to 7 feet below land surface [ft bls]). Concentrations of DDD and other pesticides in samples 

collected beneath this elevation had lower concentrations, indicating that the depth of 

pesticide contamination is limited. Given that the pesticide concentrations do not extend 

significantly beneath the top of the water table and that the DET excavated the pesticide 

contaminated soil down to the top of the water table, there appear to be only very minor 

amounts of pesticides remaining in the soil and their concentrations are below the COPC 

screening criteria. 
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TABLE 2-1 
Compounds Detected in Baseline Groundwater Samples 
Interim Measure Completion Report, SWMU 38, Zone A, Charleston Naval Complex 

Date Concentration EPA Region Ill 
Chemical Station ID Sample ID Collected @gA) Qualifier MCL RBC (Hk0.1) 

Pesticides 

Alpha-Chlordane A038GW004 038GW004M3 14-Mar-02 0.019 

Endosulfan A038GW004 038GW004M3 14-Mar-02 0.022 
Sulfate 

Endrin A038GW004 038GW004M3 14-Mar-02 0.021 

Endrin Ketone A038GW004 038GW004M3 14-Mar-02 0.02 

Heptachlor A038GW004 038GW004M3 14-Mar-02 0.0094 

v o c s  

1.2- A038GW004 038GW004M2 04-Mar-02 
Dichlorobenzene 

1.2-DCE (total) A038GW001 038GW001M2 04-Mar-02 

A038GW003 038GW003M2 

1.2-DCE (total) A038GW004 038GW004M2 04-Mar-02 
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TABLE 2-1 
Compounds Detected in Baseline Groundwater Samples 
Interim Measure Completion Report, SWMU 38, Zone A, Charleston Naval Complex 

Date Concentration EPA Region Ill 
Chemical Station ID Sample ID Collected @glL) Qualifier MCL RBC (Hk0.1) 

Vinyl chloride A038GW001 038GW001M2 04-Mar-02 1.9 J 2 N A 

A038GW003 038GW003M2 04-Mar-02 - - 

A038GW004 038GW004M2 04-Mar-02 - - 

A038GW005 038GW005M2 04-Mar-02 1.5 J 

Concentrations that are in bold text and outlined within the table represent exceedances of the screening criterion(a). 

J indicates that the compound was detected. The reported value is the estimated detection limit. 

=indicates thal the compound was detected. The reported value is the measured concentration. 

The maximum oontaminant levc?ls (MCLs) are froin the National Prim,wy Drinking Water Standards I EPA, 3/2001), 

Risk-based cor~centrations (RBCs) are used in t h ~  absence of an applicable MCL. 

RBCs are based on a hazard index (HI) of 0.1 for non-carcinogenic compounds. 

Compounds listed in subscript next to the MCLs and RBCs are the siirrogate compound used for cc,mparison. 

NA indicates that the information is not available #or not applicable. 

p,pa-DDD dichlorodiphenyldicloloethane 

p,p'-DDE dlchiorodiphenyldicloroethene 

p,p'-DDT dichlc~rodiphenyltricloioethane 
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TABLE 2-2 
Compounds Detected in 7day Performance Samples 
Interim Measure Completion Reporf, SWMU 38, Zone A, Charleston Naval Complex 

EPA Region 
Date Concentration Ill RBC 

Chemical Station ID Sample ID Collected W L )  Qualifier MCL (HkO.1) 

Pesticides 

Gamma-Chlordane A038GW001 038GWOOlM7 14-Jun-02 0.019 J 2 N A 

A038GW005 038GWOO5M7 14-Jun-02 0.0078 J 

svoc 

Phenol A038GW001 038GW001M7 14-Jun-02 7.6 J N A 2,190 

v o c s  

1,2-DCE (total) A038GW003 038GW003M7 14-Jun-02 8.3 - - 70~1,. N A 
1.2dlChlor(Pthens 

Acetone A038GW001 038GWOOlM7DL 14-Jun-02 

Methyl ethyl ketone (2- A038GW005 038GW005M7 14-Jun-02 94 - - N A 191 
Butanone) 

Vinyl chloride A038GW001 038GW001M7 14-Jun-02 0.51 J 2 N A 

A038GW003 038GW003M7 14-Jun-02 717 = 

Concentrations that are in bold and outlined within the table indicate exceedances of the screening criterion(a). 

J indicates that the compound was detected. The reported value is the estimated detection limit. 

= indicates lhat the compound was detected. The reported value is the measured concentration. 

The maxim~m contaminant levels (MCLs) are frotn the National Primary Drinking Water Standards (EPA, 312001) 

Risk based concentrations (RBCs) are used in the absence oian applicable MCL. 

RBCs are based on a hazard index (HI) of 0.1 for non-carcinogenic compounds. 

Compounds listed in subscript next to the MCLs and RBCs ar? the surrogate compound used for comparison. 

NA indicate:; that the information is not available or not applic.3ble. 
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TABLE 2-2 
Compounds Detected in 7day Performance Samples 
Interim Measure Completion Report, SWMU 38, Zone A, Chadeston Naval Complex 

EPA Region 
Date Concentration Ill RBC 

Chemical Station ID Sample ID Collected m) Qualifier MCL (Hk0.1) 

p.p'-DDD di(:hlorodiphenyldicloroethane 

p,p'-DDE diohlorodiphenyldicloroethene 
p,p'-DDT dic:hlorodiphenyltri~loroethane 
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TABLE 2-3 
Compounds Detected in 30-day Performance Samples 
Interim Measure Completion Reporl, SWMU 38, Zone A, Charleston Naval Complex 

EPA Region 
Date Concentration Ill RBC 

Chemical Station ID Sample ID Collected bg/L) Qualifier MCL (Hk0.1) 

Pesticides 

Heptachlor A038GW001 038GW001M8 17-Jul-02 0.03 J 0.4 N A 

v o c s  

1,PDCE (total) A038GW001 038GW001M8 17-Jul-02 4.4 J ~OC,,. N A 
1,2d,chloroethene 

SWMU38ZAGWIMCRREVO DOC 

TCE A038GW001 038GW001 M8 17Jul-02 0.97 J 

Vinyl chloride A038GW001 038GW001 M8 17-Jul-02 

A038GW003 038GW003M8 17-Jul-02 

A038GW004 038GW004M8 17-Jul-02 

Concentration:; that are in bold and outlined w~thtn th,? table indicate e:<ceedances of the criterion(a). 

J indicates thal the compound was detected. The reported value is the estimated detection limit. 

= indicates that the compound was detected. The re~orted value is the measured concentration. 

The maximum contaminant levels (MCLs) are from the National Prirna,y Drinking Water Standards (ISPA, 312001). 

Risk-based concentrations (RBC:s) are used in the absence of an applcable MCL. 

RBCs are based on a hazard inclex (HI) of 0.1 for norl-carcinogenic co~npounds. 

3.1 

19 

3.9 

J 

- - 

J 
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TABLE 2-3 
Compounds Detected in 30-day Performance Samples 
Interim Measure Completion Report, SWMU 38, Zone A, Charleston Naval Complex 

EPA Region 
Date Concentration Ill RBC 

Chemical Station ID Sample ID Collected (IrgA) Qualifier MCL (HI=0.1) 

Compounds listed in subscript nm?xt to the MCLs and RBCs are the surrogate compound used for co~nparison. 

NA indicates that the informatior! is not available or not applicable, 
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TABLE 2-4 
Compounds Detected in Post-IM Subsurface Soil Samples 
Interim Measure Completion Report, SWMU 38, Zone A, Charleston Naval Complex 

Date Concentration 
Chemical Station ID Sample ID Collected (&kg) Qualifier SSL (DAF=IO) 

Pesticides 

Endrin Ketone A03858034 038SB03404 21-Jun-02 

A03858035 038SB03503 21-Jun-02 

v o c s  

Acetone A03858034 038SB03404 21-Jun-02 0.074 J 0.8 

Methyl ethyl ketone A03858034 038SB03403 21 Jun-02 0.0047 J 0.4Reo 111 RBCTable 

(2-Butanone) 

A038SB034 038SB03404 21-Jun-02 0.0056 J 

A03858035 038SB03503 21 Jun-02 0.005 J 

A038SB035 038SB03504 21-Jun-02 0.004 J 

Sample 038SB03403 was collected at 6.2 to 7.0 ft below land surface (I~ls). 

Sample 038SB03404 was collected at 8.0 to 8.2 ft bls. 

Sample 038SB03503 was collected at 6.2 to 6.5 ft bls. 

Sample 038SB03504 was collected at 8.0 to 8.5 ft bls. 

J indicates thal the compound was detected. The repc,rted value is the c?stimated detection limit. 

= indicates that the compound was detected. The reported value is the ~neasured concentration. 

SSLs are from the Soil Screening Guidance: Technics1 Background Doo:ument (EPA,I 996) unless othelwise 
indicated. 

Generic SSLs ,3re based on a dilution-attenuation factor (DAF) of 1 for \IOCs and 10 for all other compounds. 

The source for SSLs other than from the Soil Screening Guidance are iridicated in superscript next to the 
value. 

Surrogate compounds for SSLs are indicated in subscript next to the value. 

NA indicates ttat the information is not available or not applicable. 

p,p'-DDD dichlorodiphenyldicloroethane 

p,p'-DDE d~chlorodiphenyldiclorc~ethene 

p,p'-DDT dichlorodiphenyltriclorcethane 
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3.0 Previous Soil lnterim Measure Summary 

As previously discussed in the lnterim Measure Completion Report, Soil Removal, SWMU 38, 

Zone A (CH2M Jones, 2002b), CH2M-Jones determined that the removal of PCB-impacted 

soil was appropriate at SWMU 38 to enable closure of the site. An IM WP was developed 

(CH2M-Jones, 2002a) and subsequently approved by SCDHEC. The IM was implemented in 

May 2002, and the IM CR (CH2M-Jones, 2002b) was submitted to SCDHEC in June 2002, 

summarizing the IM and the data collected to support it. SCDHEC issued comments on the 

soil removal IM CR on July 11,2002. Among the comments was a recommendation to 

evaluate the residual risk associated with the remaining PCB concentrations in soil. 

SCDHEC recommended calculating an exposure concentration (UCL95) for the detected 

PCBs (Aroclor-1254 and Aroclor-1260) and comparing the exposure concentration (UCL.95) 

to the RBCs. CH2M-Jones calculated the UCb5 for the two detected PCBs at SWMU 38, 

with a M-acre exposure area assumed. The exposure area is shown in Figure 3-1, with the 11 

sample locations within the exposure area that were previously analyzed for PCBs. 

The calculation used the reported concentration for samples within the exposure area where 

the PCB was detected, and half the reporting limit value for samples where PCBs were not 

detected. For excavated soils, previous sample concentrations were replaced with the fill 

material analytical results, which were all non-detects with a detection limit value of 0.016 

mg/kg. The sample results used in the UCL95 calculation are provided in Table 3-1. A 

summary of the UCb5 calculation is presented in Tables 3-2 and 3-3 for Aroclor-1254 and 

Aroclor-1260, respectively. 

As presented in these tables, the UCL95 values for Aroclor-1254 and Aroclor-1260 are 0.029 

mg/kg and 0.24 mg/kg, respectively, using the Bootstrap method. These values are below 

the EPA Region 111 residential RBC of 0.32 mg/kg for both Aroclor-1254 and Aroclor-1260. 

The UCL95 values were included in a risk assessment to assess the cumulative risks to a 

future residential receptor at the site under the post-IM conditions, as described in Section 

4.0. 

Table 3-1 also includes previous site data for the DDD, DDE, and DDT-impacted soil that 

was addressed as part of the DET's IM. Soil at sample locations with station IDS A038SB01, 

A038SB03, A038SB012, and A038SB023 in Table 3-1 were removed as part of the DET's IM 

and/or as part of the PCB-impacted soil IM. The clean fill brought to the site was analyzed, 

and did not have detectable concentrations of pesticides. Therefore, these values are 

replaced with detection limits, as listed in Table 3-1. The residual concentrations for DDD, 

DDE, and DDT were used to assess current potential site risks, as presented in Section 4.0. 
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TABLE 3-1 
PCB Concentrations within Exposure Area 
Interim Measure Completion Reporf, SWMU 38, Zone A, Charleston Naval Complex 

Date Concentration Adjusted 
Chemical Station ID Sample ID Collected (mg1Kg) Qualifier concentrationa Qualifier 

Aroclor- A038S8005 038SB00501 10/03/1995 0.0160 U 0.0160 U 
1254 

Aroclor- A038S8005 038S800501 10/03/1995 0.01 60 U 0.01 60 U 
1260 
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TABLE 3-1 
PCB Concentrations within Exposure Area 
Interim Measure Completion Report, SWMU 38, Zone A, Charleston Naval Complex 

Date Concentration Adjusted 
Chemical Station ID Sample ID Collected (mglKg) Qualifier Concentrationa Qualifier 
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TABLE 51 . ---. . 

PCB Concenlratlons wlthln Exposure Area 
Interim Measure Completion Reporl, S'NMU 38. Zone A, Charleston Naval Ccmplex 

Date Concentration Adjusted 
Chemical Station ID Sample ID Collected (mglKg) Qualifier Concentrationa Qualifier 

A038SB023n 038SB02301 11/30/2001 0.50 J 0.0026 U 

a Analytical results for removed samples was replaced wlth the results from the fill material. Other results are 

unaffected. 

indicates that the sample location was removed during the IM 

U indicates that the compound was not detected. The reported value is the detection limit. 

J indicates that the compound was detected. The reported value is an estimated detection ltmit. 

= indicates that the compound was detected. The reported value is the measured concentration 
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TABLE 3-2 
Summary of UCLS Calculation Resun for Aroclor-1254 
Interim Measure Completion Report, SWMU 38, Zone A, Charleston Naval Complex 

STATISTICS 

N 

Detects 

FOD 

Mean of Detect 

Min of Detect 

Max of Detect 

Best Estimate of Mean (arithmetic) 

Best Estimate of Mean (geometric) 

Nondetects at 112 DL 

11 

2 

18% 

0.057 

0.0492 

0.06 

0.029 

0.013 

YES 

95% UPPER CONFIDENCE LIMITS FOR MEAN 

UCL95 Normal 

t-statistic 

UCL95 Lognormal 

H-statistic 

UCL95 Nonparametric 

UCL95 Bootstrap 

DISTRIBUTION TESTING 

Population is best described as: 

Wnormal 

Wlog 

Wa = 0.05 

NONPARAMETRIC 

0.642 

0.648 

0.850 

Notes: 

1. If populalion does not fit normal or lognormal distribution, check Q-Q plots and 
W-test values. The population may be close enough to one of those distributions to 
subjectively select a normal or lognormal distributbn. 

2. For site data, if the selected UCL95 exceeds the Max Detect, the Max Detect 
should be chosen as the EPC. 

3. Lognormal UCL or UTL values caculated for less than 30 samples may be widel!/ 
inflated. 

4. If there is >90% nondetection, it is generally impossibl~? to caclulate a UTL or 
UCL with any level of confidence. 
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TABLE 3-3 
Summary of UCLgs Calculat'on Result for Aroclor-1260 
Interim Measure Completion Report, SWMU 38, Zone A, Chad,?ston Naval Complex 

STATISTICS 

N 

Detects 

FOD 

Mean of Detect 

Min of Detect 

Max of Detect 

Best Estimate of Mean (arithmetic) 

Best Estimate of Mean (geometric) 0.03 

Nondetects at 112 DL YES 

95% UPPER CONFIDENCE LIMITS FOR MEAN 

UCL95 Normal 

t-statistic 

UCL95 Lognormal 

H-statistic 

UCL95 Nonparametric 

UCL95 Bootstrap 

Exceeds Max Detect 

DISTRIBUTION TESTING 

Population is best described as: 

Wnormal 

Wlog 

Wa = 0.05 

NONPARAMETRIC 

0.562 

0.787 

0.850 

Notes: 

1. If population does not fit normal or lognormal distribution, check Q-Q plots and 
W-test values. The population may be close enough to one of those distributions 
to subjectively select a normal or lognormal distribution. 

2. For site data, if the selected UCL95 exceeds the Max Detect, the Max Detect 
should be chosen as the EPC. 

3. Lognormal UCL or UTL values caculated for less than 30 samples may be 
widely inflated. 

4. If there is >90% nondetection, it is generally impossible to caclulate a UTL or 
UCL with any level of confidence. 
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4.0 Post-Interim Measures Risk Assessment 

Two soil IMs (one for pesticide-contaminated soil and one for PCEcontarninated soil), and 

one groundwater IM have been completed at SWMU 38. This section presents a residual 

risk evaluation for soil and groundwater at SWMU 38 under its current, post-IM condition. 

The risk assessment was conducted in accordance with RAGS, and EPA Region N 

supplemental guidance (EPA, 1989 and EPA, 1994). 

4.1 Selection of Residual COCs 

4.1.1 Soil COCs 
In order to assess the current potential risk at this site, PCBs are considered COCs. PCB 

values for soil samples within the target exposure area where excavation occurred were 

replaced with half the reporting limit values from the clean fill samples. Table 4-1 presents 

the data for DDD, DDE, DDT, and the PCBs Aroclor-1254 and Aroclor-1260, including both 

pre- and post-IM concentrations. The residual concentrations of pesticides and PCBs 

detected in soils were screened by comparing the maximum detected soil residual 

concentration against RBCs (HI=O.l for noncarcinogens). The chemicals detected above 

RBCs are included for risk estimation. 

All three pesticides (DDD, DDE and DDT) were below screening criteria, and are therefore 

not selected as COCs. Of the two PCBs (Aroclor-1254 and Aroclor-1260) that were originally 

selected as surface soil COCs at SWMU 38, only Aroclor-1260 was above RBC, and therefore 

is included as a COC for the risk assessment. 

Tables 3-2 and 3-3 in the previous section presented the UCbs estimates for the two PCB 

constituents identified as soil COCs, as per SCDHEC recommendation. These COCs from 

soil are combined with groundwater COCs to estimate the total residual risk to a fithue 

potential residential receptor. 

4.1.2 Groundwater COCs 
A total of five shallow monitoring wells and one deep monitoring well located within 

SWMU 38 are used to monitor the groundwater quality at the site. The deep groundwater at 

the site did not have any detectable organic chemicals. The shallow groundwater at the site 

has detectable levels of pesticides only in the vicinity of where the pesticide-impacted soil 

and groundwater IMs were completed. These wells are screened within the shallow 
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saturated soil area where DDT degradation products were previously reported in soils at 

these depths. Monitoring data collected from 1999 to 2002 were evaluated in this COC 

selection. All groundwater data for these wells are included in this risk evaluation. 

All of the detected pesticides occurred in wells A038GW001, A038GW005 (located directly 

east of well A038GW001) and A038GW004 (located south of the other two wells). These 

wells are within 20 to 30 feet from each other. A monitoring well located approximately 80 

ft downgradient southeast (A038GW003) of the above three wells did not have detectable 

levels of pesticides. 

A separate and dilute groundwater chlorinated volatile organic chemical (CVOC) plume 

has been identified near SWMU 38. The highest levels of CVOC constituents were detected 

in well A038GW003, with trace levels detectable in A38GW001. This plume is likely an 

extension of the CVOCs associated with SWMU 39. 

A list of residual groundwater COCs was developed for SWMU 38-related groundwater 

contamination. To estimate potential risks from exposures, COCs were identified based on 

groundwater from all five wells, regardless of the source of their occurrence. The list of site- 

related potential groundwater COCs carried forward in this human health risk assessment 

(HHRA) includes: 

4,4-DDD (wells A38GW001, A38GW004, and A38GW005) 

Heptachlor (A38GW001) 

Acetone (A38GW001, A38GW004, and A38GW005 -only in 7-day performance 

sampling) 

Of these three identified COCs, the only chemical consistently detected was DDD in wells 

A38GW001 and A38GW004. Heptachlor is occasionally detected near detection limits in 

well A38GW001, and could be related to the past pesticide disposal. The acetone detected 

was associated with a single sampling event, during the 7-day post-IM monitoring, and is 

likely an analytical artifact. The blanks from that sampling event did not have acetone, 

therefore acetone was retained as a COC for the risk assessment. 

Additionally, CVOCs were detected primarily in wells A38GW003, A38GW004, and 

A38GW005, and less frequently at low levels in A38GW001. The highest levels of CVOCs 

were found in A38GW003, and are believed to originate from the CVOC plume that is 

currently being investigated at SWMU 39. All of the detected VOCs and pesticides were 

screened during this COC selection regardless of potential origin, and the following 
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1 additional groundwater COCs were identified for risk assessment for the total COCs for the 

2 site groundwater. 

3 Cis-1,2-dichloroethene (Cis 1,2-DCE) 

4 Total-1,2-DCE 

5 Vinylchloride 

6 Table 4-1 includes a list of the COCs identified based on screening of maximum detected 

7 concentration of chemicals against RBCs (noncarcinogens at HI=O.1) values. 

8 4.2 Toxicity Assessment 
9 Toxicity factors were obtained from the Integrated Risk Information System (IRIS) website 

10 or Health Effects Assessment Summary Tables (HEAST, 1997), as appropriate. Table 4 2  

11 lists the toxicity factors used in the risk calculations for groundwater COCs identified at 

12 SWMU 38 and the surrounding area. A separate slope factor was used in these risk 

13 estimations, as recommended by EPA for an adult versus child receptor (see Table 4-2). 

14 4.3 Exposure Assessment 
15 The soils at the site have been remeiliated and replaced with clean soils. Exposures to the 

16 site soils are assumed for future residential receptors for this evaluation using previously 

17 collected data from areas that were not excavated and clean soil areas using data based on 

18 clean fill material. The risks to exposure for a residential adult or child were evaluated using 

19 default exposure assumptions. Appendix C presents the exposure assumptions used in this 

20 risk assessment. A UCL.95 concentration of the residual soil concentrations is estimated for 

21 the exposure point concentration (EPC) for SWMU 38 soils. 

There is no exposure to site groundwater at the present time. The future land use plans for 

this area of CNC, which is located next to the Hess Facility, include the possible 

development of a recreational area. Human receptor exposure is not anticipated under such 

future land use. For conservative future use evaluation, groundwater was evaluated for 

potable use by a future residential adult and a residential child. The exposure factors used 

were the default factors recommended by EPA for an ingestion pathway. Following EPA 

Region IV guidance, an inhalation exposure dose to VOCs was assumed to be equal to an 

ingestion dose. This assumption is likely to include other potential exposure route doses 

s u d ~  as dermal contact during showering, as per EPA Region IV guidance. 
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Since each well has been monitored several times since 1999, and contaminant levels as a 

whole did not indicate a clear trend, a statistical upper-bound 95-percent confidence limit 

on the mean (UCL95) was estimated for the EPC. Table 4-3 lists the estimated UCL9s 

concentration for all COCs identified in groundwater at and around SWMU 38. 

4.4 Risk Characterization 
Table 4-4 includes a summary of the excess lifetime cancer risk (ELCR) and the hazard 

index (HI) per exposure route and receptor. The details of the ELCR hazard quotients 

(HQs), and HI for each COC are presented in Appendix C of this IM CR. 

Residual risks from soil PCBs remaining in surface soil were estimated after the IM 

(recommended by SCDHEC) is implemented. Only Aroclor-1260 was detected above the 

RBC at the maximum detected concentration, and therefore is identified as a COC for ELCR 

estimation. This chemical is not identified with non-cancer effects (no RfD). 

A separate set of ELCR and HI values were estimated for COCs present in groundwater due 

to past activities at SWMU 38. The CVOCs identified in groundwater at SWMU 38 are 

suspected to be associated with SWMU 39, as the highest concentrations of CVOCs are 

located in the more southerly portion of the site. This general area is being 

investigated/remediated for CVOCs associated with SWMU 39. 

4.4.1 Risks and Hazard Index from SWMU 38-Related Chemicals 
The ELCR for a future residential adult is estimated at 5.6 x 10~6, primarily due to DDD and 

heptachlor, at the UCL95 levels (see Table 4-4) in groundwater. The soil ELCR is less than 1 

in a million level. The detected heptachlor concentration, at a maximum of 0.03 flg/L, is low 

compared to a detection limit of 0.05 pg/L, and it is below the heptachlor MCL of 0.4 &L. 

DDD does not have an MCL. DDD was selected as COC because the RBC is 0.28 pg/L. The 

total HI is 0.064, which is much lower than the target value of 1.0. 

The ELCR for a future residential child is estimated at 2.3 x 10~b, due to the same chemicals 

as for an adult, although no single chemical presented a risk above a 1 in a million level (see 

Appendix C). A separate carcinogenic slope factor is proposed by EPA for the future 

residential child scenario, which was used to estimate the risks. The total HI for a child was 

estimated at 0.15, which is below the target HI of 1.0. 

None of the site-related chemicals in groundwater exceeded the MCL, and the risks that 

were estimated for combined soil and groundwater from site-related chemicals are within 
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1 the target limits, and are considered acceptable for a future unrestricted (i.e., residential) 

2 land use. 

3 4.4.2 Risks and Hazard Index from All Chemicals in Groundwater in the Vicinity 
4 of SWMU 38 
5 The ELCR for a residential adult is estimated at 1.1 x 104, primarily due to vinyl chloride 

6 (1.1 x 104), with minor contributions from DDD and heptachlor (at 106 levels). The HI for 

7 an adult is 0.19, which is well below the target level of 1.0. 

8 The ELCR for a residential child is estimated at 7.8 x 10-5, due to vinyl chloride. No other 

9 chemicals contributed above a 1 in a million level. The HI is estimated at 0.44, which is 

10 below the target level of 1.0. 

11 Vinyl chloride was detected above its MCL of 2 pg/L in three wells (A38GW001, 

12 A38GW003, and A38GW004). No other CVOCs were detected above their MCLs or RBCs in 

13 any of the SWMU 38 wells. 

4.5 General Considerations 
Chlorinated pesticides, particularly DDT and its degradation products, are nearly insoluble 

in water. However, filtered samples are typically not collected, as the chemicals, being 

highly polar, tend to adhere to glass and other surfaces of sampling equipment. It is 

possible that the observed pesticide concentrations are due to the presence of small 

amounts of soil particulates, rather than due to the pesticides being present in groundwater 

in a huly dissolved state. This is supported by the absence of any detectable pesticides in 

wells outside the previous source area (i.e., subsurface soil pesticide detection area). Except 

for one low-level heptachlor detection, which was below the detection limit in the deep 

well, all other deep well samples were non-detect for chlorinated pesticides, indicating that 

these pesticides are not migrating downward. 

25 4.6 Summary and Recommendations 
26 The estimated overall site risks and HI due to SWMU 38 related chemicals are well within 

27 the target risk levels of 1 to 100 in a million (106 to 104), and the HI is below 1.0 for both 

28 residential adults and children. 

29 The risks due to chemicals present in groundwater not related to SMWU 38 (e.g., vinyl 

30 chloride) are above the range of acceptable risks. A nearby site (SWMU 39) is known to 

31 have relatively higher levels of these solvents and is being investigated/remediated for 
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1 CVOCs, which is the likely source of the low-level CVOCs detected at SWMU 38. Therefore, 

2 as the risks are within acceptable limits, S W W  38 is recommended for NFA status. 

3 Groundwater CVOCs will be addressed as part of the SWMU 39 investigation. 
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TABLE 4.1 
Selection of COCs in Soil and Groundwater lor Residual Risk Assessment 
Interim Measure Completion Report, SWMU 38, Zone A, Charleston Naval Complex 

Max Min Max 
Chemical Samples' Detects NonDetects Mln Detect Detect Avg Detect Mean nondetect nondetect RBC COC (Y/N) 

Surface Soil (mglkg) 

PCB, Aroclor-1260 11 5 6 0.01 8 0.72 0.265 0.128 0.008 0.041 0.32 Yes 

PCB, Aroclor-1254 11 2 9 0.049 0.064 0.057 0.020 0.007 0.041 0.32 No 

DDD 16 7 9 0.0016 0.29 0.1 11 0.049 0.0013 0.00265 2.7 No 

DDE 16 9 7 0.0068 0.58 0.183 0.103 0.0013 0.00265 1.9 No 

DDT 16 8 8 0.021 0 1.70 0.590 0.297 0.0013 0.015 1.9 No 

Groundwater f~~g lL )  

4,4-DDD 16 10 6 0.046 1.4 0.578 0.377 0.04 0.05 0.28 Yes 

4,4-DDT 14 1 13 0.022 0.022 0.022 0.039 0.04 0.05 0.2 No 

Gamma-Chlordane 14 1 13 0.0078 0.0078 0.008 0.020 0.02 0.026 0.19 No 

Alpha-Chlordane 14 1 13 0.019 0.019 0.01 9 0.020 0.02 0.026 0.19 No 

Endosulfan, sulfate 14 1 13 0.022 0.022 0.022 0.039 0.04 0.05 22 No 

Endrin 14 1 13 0.021 0.021 0.021 0.039 0.04 0.05 1.1 No 

Endrin Ketone 14 1 13 0.02 0.02 0.020 0.039 0.04 0.05 1.1 No 

Heptachior 

Acetone 

14 3 11 0.0094 0.015 0.012 0.019 0.02 0.026 0.015 Yes 

17 3 14 10 1,200 596.7 109.1 2.5 5 61 Yes 

Cis-l,2-DCE 17 9 8 0.66 6.4 3.4 3.0 2.5 2.5 6.1 Yes 

Total 1,2-DCE 17 9 6 0.66 8.3 4.5 3.7 2.5 2.5 5.5 Yes 
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TABLE 4-1 
Selection of COCs in Soil and Groundwater for Residual Risk Assessment 
Interim Measure Completion Reporf, SWMU 38, Zone A, Charleston Naval Complex 

Max Min Max 
Chemical Samples' Detects NonDetects Min Detect Detect Avg Detect Mean nondetect nondetect RBC COC (YIN) 

Groundwater b g l L )  

Trans 1,2-DCE 17 7 8 0.62 2.3 1.4 2.0 2.5 2.5 12 No 

Methyl Ethyl Ketone (2- 17 1 16 94 94 94.0 9.9 2.5 5 190 NO 
butanone) 

Trichloroethene 17 1 16 0.97 0.97 0.97 2.4 2.5 2.5 1.6 No 

Vinyl Chloride 17 9 8 0.51 25 9.4 7.1 2.5 5 0.015 Yes 

Groundwater data included are from 1999 to 2002, which was multiple sampling rounds of the same wells. 
Soil samples were those remaining at the site after excavation and replaced with clean fill 

- Samples for groundwater include multiple rounds of sampling for the same wells 
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TABLE 4-2 
Toxicity Factors Used in Risk Estimations 
lnlerim Measure Completion Report, SWMU 38, Zone A, Charleston Naval Complex 

Chronic 
Inhalation 

Inhalation Chronic Oral Reference 
Oral Slope Factor Slope Factor Reference Dose Dose (mgkg- 

Chemical (kg-daylmg) (kg-da~lmg) (mgkg-day) day) Source 

Aroclor-1260 

4,4-DDD 

Heptachlor 

Acetone 

Cis-l,2-DCE 

Total 1,2-DCE 

Vinyl Chloride - Child 

Vinyl Chloride - Adult 

IRIS 

IRIS 

IRIS 

IRIS 

HEAST 

HEAST 

IRIS 

IRIS 

IRIS = Integrated risk information system (IRIS), EPA, 2002 (webaddress: http://www.epa.gov/i~ 

HEAST = Health Effects Assessment Summary Tables (HEAST). EPA-540-R-97-036, USEPA. 1997 

NA = A value not available 
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TABLE 4-4 
Res~duai Contaminant Risk Summary for Soil and Groundwater at SWMU 38 
inlerim Measure Completion Report, SWMU 38, Zone A, Charleston Naval Complex 

- - - - - - - - - - 

Risks from Chemicals Associated with SWMU 38 

ELCR Hi 

Receptor Ingestion Dermal Inhalation Total Risk Driver Ingestion Inhalation Total Hazard Driver 

Soil 

Residential Adult 7.46E-07 8.23E-08 NA 8.3E-07 None .. .. .. None 

Resident~al Child 5.446E-07 3.70E-08 NA 5.8E-07 None .. .. .. None 

Groundwater 

Res~dentlal Adult 3.4506 NA 1.372E-06 4.8E-06 DDD. Heptachlor 0.06 .. 0.064 None 

Resldentiai Chtld 1.258E-06 NA 5.055E-07 1.6E-06 None 0.15 .. 0.15 None 

Total adult ELCR 4.2E-06 8.2E-08 1.4E-06 5.6E-06 DDD. Heptachlor 0.06 .. 0.06 

Total Child ECLR 1.8E-06 3.7E.08 5.lE-07 2.3E-06 None 0.15 .. 0.15 

Risks from All Chemicals Detected in Groundwater near SWMU 38 

ELCR HI 

Receptor Ingestion Dermal lnhalation Total Risk Driver lngestion lnhalation Total Hazard Driver 

Residential Adult 1.1 E-04 1.4E-06 1 . I  E-04 Vlnyl chloride, 0.18 0.01 0.19 None 
DDD, Heptachlor 

Residential Child 7.759E-05 5.055E-07 7.8E-05 Vinyl chloride 0.42 0.02 0.44 None 

ELCR - Excess Llfet~me Cancer Risk 

HI =Hazard Index 

R~sk and Hazard Drivers are those chemicals contributing an ELCR above 1 E-6 and and HQ greater than 1, respectively 
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5.0 Recommendations 

2 The Interim Measure Work Plan, In Sit11 CIlernical Oxidation of DDD in Groundwater, SWMLI 38, 

3 Zone A was submitted on December 20,2001, by CH2M-Jones. SCDHEC commented on the 

4 IM WP and granted approval of the IM WP on February 13,2002. Responses to SCDHEC's 

5 comments on the IM WP are provided in Appendix A. 

6 In addition to the IM for groundwater, a prior IM was conducted by CHZM-Jones at SWMU 

7 38 to remove PCBimpacted soil. The IM CR for that IM was submitted on June 10,2002. 

8 SCDHEC reviewed the IM CR for soil removal and issued comments on July 11,2002. 

9 Responses to SCDHEC's comments on the PCB-impacted soil removal IM CR are also 

10 provided in Appendix A. 

11 This groundwater IM CR documents the IM conducted at SWMU 38, presents a final post- 

12 IM residual risk evaluation for the site soil and groundwater, and presents the analytical 

13 data used to develop it. 

14 Because the data support the conclusion that soil and groundwater at SWMU 38 do not 

15 present an unacceptable risk to human health or the environment, SWMU 38 is 

16 recommended for NFA status. 
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Engineering Comments Prepared by Jerry Stamps 

SCDHEC General Comments: 

1. The following comments are intended to notify the Navy and CH2M-Jones of the issues 
that must be resolved prior to receiving a No Further Action determination hom the 
Department. These comments are not intended to prevent the implementation of this 
Interim Measure. 

CH2MJones Response 1: 
Comment noted. 

2. This IM Work Plan states that the oxidation reaction with DDD will be similar to that of 
the oxidation of benzene. However, given the chemical dissimilarities between DDD 
and benzene, the Department is concerned about the potential break down products as a 
result of the reaction. It is the Department's understanding that GeoCleanse has 
previous experience using the Fenton's reagent technology to successfully remediate 
areas of pesticide contamination. Please provide the Department with historical 
accounts of the effective use of this technology at other similar sites. This topic was 
discussed in the February 12,2002 BCT meeting. 

CH2MJones Response 2: 
The ZM WP states that "the oxidation pathways for DDD and DDT are not 
well known, but are anticipated to be very similar to that of benzene." This 
conclusion is based on the observation that the hydroxyl radical first attacks 
the double-bonded ring structure of benzene. The structure of DDD and DDT 
are similar to benzene in that they are composed of aromatic rings. The 
hydroxyl radical would be expected to attack the ring structure of DDD 
and/or DDT in the same manor as benzene. Once fission of the aromatic ring 
occurs, complete mineralization would be e.rpected by the same mechanism as 
well. 

Little experience is available with regard to oxidation of DDD and DDT with 
Fenton's reagent. CH2M-Jones did evaluate similar compounds (specifically 
methoxychlor), and concluded that although not proven, Fenton's reagent 
showedpromise in reducing DDD and DDT concentrations at SWMU 38. The 
results of this evaluation were presented in the Technical Memorandum 
Oxidation of DDD by Fenton's Reagent, Interim Measure at SWMU 38, Zone 
A, Charleston Naval Complex prepared by CH2M-Jones and submitted to 
SCDHEC on February 21, 2002. Additionally, DDT, and dieldrin, had been 
reported to have been successfully remediated in soil by William R. Mahaffey. 
The summaly of his work was attached to the technical memorandum. 

3. Though this IM work plan is intended to address the pesticides in groundwater, it 
evident form this work plan that the chemical oxidation is intended to remediated 
pesticides present in both the groundwater and subsurface soils. The confirmation 
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samples collected by the DET (samples 038S03001 and 038S03101) demonstrated 
contamination well above the SSLs for DDD and DDT. Upon completion of the interim 
measure, the Department recommends collecting subsurface soil samples at these same 
locations and depths, along with samples just below the depth of the DET samples, to 
evaluate the effect of the chemical oxidation on these contaminants bound to the 
subsurface soils. Please be advised that full VOC analysis in addition to the pesticide 
analysis will be required given the unknowns concerning the breakdown of DDD, DDE, 
and DDT as a result of the oxidation process. 

CH2M-Jones Response 3: 
As stated, the goal of this IM was to reduce the concentrations of DDD and 
DDT in groundwater. Due to the non-selective nature of the chemical 
oxidation process, organic compounds contacted by the hydroxyl radical will 
undergo oxidation regardless of whether adsorbed to soil or dissolved in 
groundwater. Therefore, reductions in soil and groundwater concentrations 
were expected to result from this IM. 

CH2M-Jones collected the samples recommended by SCDHEC. The results 
were discussed in rhe IM CR. As reported, none of the detected compounds 
(VOCs or pesticides) were detected above their respective generic SSLs 
(DAF=IO for pesticides and DAF=I for VOCs). 

4. CHZM-Jones collected 10 samples from 5 locations to bracket the subsurface soil 
contamination. At each location, a sample was collected above (4 - 4.5 ft bg) and below 
(5 - 5.5 ft bg) the water table. According to the well log in Appendix A, a brown sand 
exits down to 6 St bg. Considering this well was installed in an area that was back-filled 
by the DET, one must conclude that this brown sand is the fill material used by the DET. 
Since the deepest sample was collected at approximately 5.5 ft bg, it appears that the fill 
material may have been sampled rather than native soils. Based upon photographs in 
the DET IM Completion Report, the fill material appears markedly different from the 
native soils. Therefore, the distinction between the fill and the native soils should have 
been relatively easy for the field personnel conducting the sampling. Please document 
that the native soils were sampled rather than the fill material. 

CH2M-Jones Response 4: 
The DET reported the depth of their IM excavation to be 4 to 5 )  bls. The field 
team was aware of the goals associated with this sampling effort prior to 
arriving at the site. They indicated that all srrbsurface soil samples collected 
for sampling activiry appeared to be native soil, not backfill. 

SCHDEC Specific Comments: 

5. Section 3.7, Page 3-6 
According to the IM WP, performance monitoring will begin seven days and thirty days 
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after injection. The Department recommends collecting samples immediately prior to 
injection to serve as baseline for comparison to accurately evaluate the effectiveness of 
this interim measure. This baseline sampling would also serve to evaluate the existing 
natural conditions to determine which reagents will be necessary (i.e., the addition of 
acids to adjust the pH to ideal range for Fenton's reagent, addition of iron, etc.). 

CH2M-Jones Response 5: 
The baseline samples were collected as recommended and the analytical 
results are discussed in the ZM CR. 

6. Section 5.0 
Though outside the scope of this Interim Measure, the PCB contamination must be - 
addressed prior to receiving a No Further Action decision from the Department. 

CH2M Jones Response 6: 
The PCB contamination has been addressed subsequent to SCDHEC issuing 
comments to this IM CR. An IM CR was submitted on June 12,2002 for the 
PCB-impacted soil removal. Comments were issued on July 11, 2002. 
Responses to those comments are in Appendix A. 
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Hydrogeology Comments Prepared by Paul Bergstrand 

1. Pace - 1-1, Lines 9-10 

T ~ I S  document states that the Naval Detachment (DET) interim measure (IM) excavation 
of pesticide contaminated soils was four to five feet deep. However, the replacement 
monitoring well log in this document indicates a gravel layer emplaced from 6 to 7 feet 
below the surface. This implies that the DET excavation was actually much deeper than 
reported. Therefore it is likely that some or all of the subsurface soil samples reported in 
this document were actually collected from the materials used to backfill the excavation. 
This section of the workplan does not require revision, however the topic must be 
addressed in the report of findings. 

CH2M-Jones Response 1: 
See the response to Engineering Con~tnent #4. 

2. Page 1-1, Lines 26-27 

This section of the document states that "The results of subsurface soil sampling.. . . . . 
did not identify pesticide contaminated soils." Review of the data provided in this 
document indicates that low levels of pesticide contaminated soils were detected in 
subsurface soil samples. This section of the workplan does not require revision. 

CH2MJones Response 2: 
The referenced statement should have read "The results of subsurface soil 
sampling conducted at the same time as the well installation did not identifi, 
pesticide-contaminated soils above appropriate screening criteria. " 

3. Pane . 2-2, Lines 11 - 22 

In addition to comment number 1 above, the monitoring well log indicates the water 
table at installation on 24 September 2001 was at 2.5 feet below land surface. The 
monitoring well log depth to water correlates well with reported groundwater 
elevations. However, since the subsurface soil samples were collected just above and 
just below the water table at 4.5 and 5.5 feet respectively on 9 October 2001, the water 
table must have dropped 2.5 feet in two weeks. This topic must be addressed in the 
report of findings. 

CH2M Jones Response 3: 
Water levels listed on the well logs are generally made while drilling and can 
easily be off by a foot or two. Installatio~t of the well may have impacted the 
observed water level in the well when the water level nteasnrement urrrs trrade. 
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Also the subsurfnce samples were collected with a Geoprobe and the depth to 
water was determined based on observations of the extracted soil column. 
Water could have drained from the soil column during extraction of the 
Geoprobe, resulting in a depth to water estimation that is deeper than actually 
existed. Therefore the difference in water levels over the 2-week interval may 
not be as dramatic as ir appears. 

4. Page 33 ,  Lines 16 - 21. 

This document states as a fact that "The oxidation pathways for DDD and DDT are not 
well known, but are anticipated to be very similar to that of benzene." This uncertainty 
is noted. This topic and the effectiveness of oxidation on pesticides must be addressed 
in the report of findings. 

CH2M Jones Response 4: 
The rationale behind the conclusion that the oxidation pathway is expected to 
be similar to that of benzene was presented in the Technical Memorandum 
Oxidation of DDD by Fenton's Reagent, Interim Measure at SWMU 38, Zone 
A, Charleston Naval Complex prepared by CH2M-Jones and submitted to 
SCDHEC on February 21, 2002. Additionally, DDT, and dieldrin, had been 
reported to have been successfirlly remediated in soil by William R. Mahaffey. 
The summary of his work was attached to the technical memorandum. 

The effectiveness of the Fenton's reagent cheniical oxidation process on the 
pesticide DDD is discussed in the 1M CR. 

5. Page . 33 ,  Lines 23 - 29. 

The workplan states "Factors that affect contaminant treatment include effective radius 
of influence, sustainable injection rate, oxidation efficiency, and the effect of site-specific 
geological and hydrogeological conditions on the overall treatment. Because of the 
small area of impacted environmental media at SWMU 38, these factors are not expected 
to limit treatment at the site." The Navy should note that the workplan does not contain 
any site specific data in regards to the "Factors that affect contaminant treatment ..." 
Also, the Navy should note that the extent of the contaminated soil and groundwater 
has not been fully delineated. This section of the workplan does not require revision, 
however these issues must be addressed in the report of findings. 

CH2M Jones Response 5: 
CH2M-Jones does not agree that the extent of pesticide-impacted soil and 
groundwater have not been delineated. Sectiorl2 of the IM WP describes the 
maximum area potentially exceeding the SSL and the rationale for its 
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determination. Because of the small area of DDD-impacted environmental 
media and the proximity of injection points to one another, thefactors that 
generally limit treatment were not considered signijicant at this site. 
Therefore, extended discussion of these issues was not provided. 

6. P a ~ e  . 3-4, Lines 2 - 3. 

This section of the workplan references Figure 3-2 for the proposed locations of the three 
injectors. Figure 3-2 indicates that Injector Well #l is 7 feet downgradient of the most 
contaminated subsurface soil sample. The workplan does not explain how the injected 
oxidant will migrate upgradient from the injection point. This topic must be addressed 
in the report of findings. 

CH2M Jones Response 6: 
The chemical oxidation process is exothermic and the products of the reaction 
are carbon dioxide and oxygen. Additionally the reagents are injected under 
pressure. This results in an increase in subsurface pressure. This pressure 
increase forces the oxidant radially outwardfrom the injection point. The 
radius of influence from the injection point is dependant on injection 
parameters and subsu$ace geologic conditions. The relatively flat hydraulic 
gradient in the area was not expected to signijicantly impact the radius of 
influence at SWMU 38. 

7. Faze 3-4, Lines 5 - 8. 

This section of the work plan addressed the 7 to 10 foot depth of the three injectors. The 
workplan states "This depth is considered to be appropriate because the DDD and DDT 
are not expected to migrate sigruftcantly below the level of the water table, which was 
encountered at approximately 4 feet below land surface during the DETs IM at S W W  
38." The workplan has not considered the effects of a co-solvent, such as the petroleum 
fuels the Navy mixed with the pesticides, on the subsurface migration of the various 
pesticides. Also, the workplan does not explain how the injected oxidants will migrate 
from 7 to 10 feet below land surface to the approximate 4 foot water table where the 
DDD and DDT are expected to be found. This topic must be addressed in the report of 
findings. 

CH2M-Jones Response 7: 
While not speci$cally addressed, the use of co-solvents was considered. The 
analytical data did not indicate the presence ofcosolvents that would be 
expected to increase the leachability of the pesticides. 

See comment #6 for an explanation of radius ofinfluence. 
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8. Page 3-5, Lines 8 - 9 

This section states that the injection wells will be comhucted to withstand elevated 
temperatures and pressures. The durability of the installed and the proposed PVC 
monitoring wells at this site have not been addressed in regards to elevated 
temperatures and pressures. This topic must be addressed in the report of findings. 

CH2M Jones Resmnse 8: 
The monitoring wells are remote enough to not be significantly affected by the 
elevated temperatures. Monitoring wells are kept open during the injection of 
oxidants to provide pressure relief for liberated carbon dioxide andoxygen. 

9. Page 3-6, Line 4. 

This section of the workplan states that "Performance groundwater samples will be 
collected after seven and 30 davs." Because this is a new and innovative remedial 
technology, the oxidation pathway is not known, and the full extent of contamination is 
not defined, the potential exists for rebound of pesticide contamination in groundwater. 
In addition to the seven and 30 day samples, the Navy should collect perfo-mance 
samples six months after the injection from all site monitoring wells, including the deep 
monitoring well, for evaluation. Performance groundwater samples should be analyzed 
for Pesticides, VOCs, SVOCs and the Geecleanse hydrogen peroxide solution. 

CH2M Jones Response 9: 
As requested the 7-day and 30-day performance samples were analyzed for 
VOCs, SVOCs, and pesticides. Hydrogen peroxide is highly unstable and will 
decompose within several hours of injection. Therefore analyzing the samples 
for hydrogen peroxide is not necessary. 

Further sampling will be considered aspart of the final remedy for the site. 

lo. Page 5-1, Lines 4 - 5. 

The document states that "If the results indicate that the IM was successful, a 
recommendation for no further action (NFA) for groundwater will be provided." The 
Navy should not separate a SWMU or AOC into soil and groundwater components in 
regards to a recommendation for NFA. Regarding site soil contamination, 
correspondence dated 2 August 2001 (Scaturo to Daniell) clearly informs the Navy that 
the extent of PCB contamination exceeding 1 mg/kg has not been defined to the east and 
southeast of sample location A038SB012. Regarding groundwater contamination, the 



Responses to SCDHEC Comments 
IM WP, In Situ Chemical Oxidation of DDD in Groundwater 

SWMU 38, Zone A (CH2M-Jones, 2001) 
Charleston Naval Complex (CNC) 

one and only deep monitoring well reported heptachlor in the sampling event of March 
1999. How the pesticide contamination migrated to this deep well has not been 
addressed and the deep well has not been sampled for pesticides since March of 1999. A 
decision for NFA can only be made once the full extent of contamination has been 
determined and addressed. This section of the workplan does not require revision, 
however these issues must be addressed in the report of findings. 

CH2M Jones Response 10: 
The PCB contamination has been addressed subsequent to SCDHEC issuing 
cotnments to this IM CR. An 1M CR was subntitted on June 12. 2002 for the 
PCB-impacted soil removal. Comments were issued on July 11,2002. 
Responses to those comments are presented in Appendix A. 

Heptachlor was detected in a single sample (038GWClDOI) at a 
concentration o f  0.013 J u n L  The reported concentration is estimated and - 
near the detection limit as indicated by the "J" qualifier. The reported 
concentration is also below the MCL of 0.4 ugiL. Heptachlor was not detected 
in the previous four samples collected from monitor well A038GWOlD. 
Additionally, heptachlor was not detected in any of the three samples 
collected from A038GWOID during the IM. Based on these data, the single 
detection of hepfachlor below its MCL does not warrant further investigation 
or remedial action. 

11. Appendix A 

The well construction log for A038GW001 does not include the name and License 
number of the SC Registered well driller. Please provide this information in the report 
of findings. 

CH2M-Jones Response 11: 
Attached is a replacement well construction log with the requested 
information included. 

12. Appendix - B 

The chain of custody forms were not included with the data summary. Please provide 
this information in the report of findings. 

CH2M Jones Response 12: 
Attached are the chain of custody forms. 
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SWMU 38, Zone A (CH2M-Jones, 2001) 
Charleston Naval Complex (CNC) 

13. Appendix C 

This section contains the Data Validation Summary for the soil and groundwater 
samples collected in September and October 2001. Page 9 of this summary states that 
"No data was rejected for the sampling event." This statement appears to be 
contradicted in the data summary tables of Appendix B, particularly for samples 
A038SB01701, A038SB01701DL, and A038GW001Ll. Please address this apparent 
contradiction in the report of findings. 

CHZMJones Response 13: 
The statement in the 'Rejected Data'portion of the Data Validation Summary 
was incorrect in stating that "No data was rejected for the sampling event." It 
should have read "All of the rejected data listed in Attachment I were 
associated with re-ntns and dilutions (you can only have a single valid result 
per parameter per sample). No other data were rejected such that there is 
not a valid result for that paratneter in each sample." 

The flagging for sample 038GW001Ll has been adjusted to more accurately 
reflect what occurred with the sample. Sample 038GWOOlL1 had been 
incorrectly flagged as "R-SS" instead of "R-RE". The sample had been 
analyzed with QC problems (surrogate failure), and then reanalyzed as 
038GW001LlRE without QC problems. One set of data had to be rejected 
since there can only be one value per parameter per sample. The reanalysis 
was chosen as the better data set. The original sample should have therefore 
been flagged "R-RE" which indicates that the data was rejected in favor of a 
better set of reanalyzed data. Attached is an updated Attachment 1. 
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C ' HILL Chain of Custody/ Laboratory Analysis Form COC Tracking #: ZA038-092601-01 ,ge 1 of 2 

Lab BatchISDG: 

Remarks: FAX resutls t o  Tom Beisel & Herb Kelly. Temperature: 

Receipt Exceptions: 17 7 1 

0, //L 7 e/ C / - / . / R I  inc( 



L. - 4 2 ~  HILL Chain of Custody/ Laboratory Analysis Form COC Tracking #: ZA038-092601-01 page 1 of 2 

Lab BatchISDG: 

Sampled B y  Dam Gstea Datflms: 1018/01 1 As noted 

Addnional SampRw Chrl, slundy 

Rscsived B y  Lab. x,p< ~aslTirne 

R W I ~  BY. ~ a t s l ~ i m e  Shipped Via: UPS FedEx Hand Other Tracking#: 
 erne ens FAX rvwt ls  t o  Tom b i a e l  4 Hsrb Kelly. Temperature: 

J/-/6 6 23 .EQ!.~ 

Recei-' Exceptions: 
b 
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ENDOSULFAN I 
DELTA BHC 

ENDOSULFAN ll 

--." 
ENDRIN ALDEHYDE 

. . . . .. -. . . . . .. - ENDRIN KETONE .- - 
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SWMU 38, Zone A (CH2M-Jones, 2M)2) 
Charleston Naval Complex (CNC) 

Engineering Comments Prepared by Jerry Stamps 

SCDHEC General Comments: 

1. Aroclor 1260 concentrations in samples A038SBOll(720 ppb) and A038SB006 (500 ppb) 
exceed the corresponding EPA Region III Residential RBC of 320 ppb and the generic SSL of 
210 ppb (based upon a DAF =lo). This report utilizes the EPA action level of 1 ppm as 
presented in 40 CFR Part 761 to eliminate these detections as a concern. The Department 
maintains that screening data with respect to this action level is not appropriate. All 
scrc~ning must be conducted with respect to the EPA Region I11 RBCs and SSLs. Therefore, 
the Navy must evaluate the risk posed by the residual contamination. The Department 
recommends calculating a UCL95 over a half-acre area and screen the calculated value 
against the residential RBC. If sufficient data is not available to calculate a UCL95, then a 
focused risk assessment will be necessary to evaluate risk posed by the residual 
contamination. The Department anticipates that this approach will be similar to the 
approach taken for evaluating the risks posed by dioxins. 

CH2MJones Response 1: 
CH2M-Jones calculated the UCL95, as recommended, for the two detected PCBs 
(Aroclor-I254 and Aroclor-1260) at SWMU 38. The details of the calculation 
were presented in Section 4 of the Groundwater IM CR (attached). The resultirtg 
calculated UCL95 values were below the residential RBCs. Therefore, firrther 
evaluation of this issue is not warranted. 

2. Section 4.0 
A No Further Action (NFA) for this site is not appropriate at this time for the following 
reasons: 

a. The risk posed by the residual contamination has yet to be evaluated. - 

b. The Department prefers to apply NFA determinations to sites as a whole - 
rather than segregating NFAs for the individual media. Additionally, the 
PCB contaminated area of SWMU 38 is only one aspect of the 
contamination at this site. The pesticide-contaminated area located west 
of the area addressed by this Interim Measure is undergoing a separate 
IM and has yet to be completely remediated. 

CH2MJones Response 2: 
a. See the response to comment # I  
b. Comment noted. 



Responses to SCDHEC Comments 
Interim Measure Completion Report, Soil Removal 

SWMU 38, Zone A (CH2M-Jones, 2002) 
Charleston Naval Complex (CNC) 

Hydrogeology Comments Prepared by Paul Bergstrand 

1. A revised IMCR is not necessary. However, the comments/concems presented in this 
correspondence must be addressed in the final document for this SWMU. 

CH2MJones Response 1: 
Comment noted. 

2. The release mechanism/process of the PCB contamination has not been addressed. The 
release mechanism/process of the PCB contamination must be provided in the final 
document for this SWMU. 

CHZMJones Response 2: 
Review of available historical information has not revealed a possible PCB 
source at this site. Any discussion of possible release mechanisms would be 
speculative. One possibility is that transformers were stored alone the fence line 
and a small amount of PCB containingjluid leaked from them. Although there is 
no evidence that this occurred. CH2M-Jones does not believe that further 
speculation about possible PCB sources is necessary, warranted, or required by 
RCRA regulations. 

3. This report documents how PCB contaminated soils were excavated to depth of 1 foot. The 
report states that groundwater was encountered in the excavation at approximately 1 foot 
(i.e., from 6 to 12 inches below land surface (BLS). The location or extent of the groundwater 
in the excavation was not reported. The extent of the groundwater in the excavation must 
be illustrated in the final document for this SWMU. 

CH2MJones Response 3: 
The groundwater encountered during the IM excavation was at the level of the 
final depth of the excavation. It was encountered in the early stages of the 
excavation and the field team decided to limit the excavation depth to just above 
the water level. Therefor the extent of the encountered groundwater is 
approximately the size of the excavator bucket. 

4. Apparently the groundwater encountered in the excavation was not sampled. Not 
collecting a water sample from the excavation is an unfortunate oversight. A water sample 
from the excavation would provide analytical confirmation that groundwater is not 
contaminated. The Department strongly recommends the collection of a water sample to 
confirm the presence or absence of groundwater contamination. The burden of proof that 
groundwater is not impacted remains the responsibility of the Navy and must be addressed 
in the final document for this SWMU. 
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SWMU 38;~one A (CEDM-jones, 2002) 
Charleston Naval Complex (CNC) 

CH2MJones Response 4: 
CFIZM-Jones disagrees that not collecting a groundwater sample from the 
excavation was an unfortunate oversight. Groundwater encountered during the 
excavation is not representative of local groundwater conditions. An open 
excavation is prone to slouglrirrg of surjace soil and water from other sources 
migrating into the excavation. The water would also contain a very high level of 
suspended solids due to the mixing action associated with the use of excavation 
equipment. Additionally the bucket of the excavation equipment, which houses 
hydraulic lines and greasedfittings, has been exposed to the water within the 
excavation. The source of  anv com~ounds detected in such a sam~le  would be " ,  
impossible to determine. Therefore, collecting a water sample from an open 
excavatiotr would not provide data representative of groundwater conditions. 

5. The chain of custodv forms in this document indicate that two eauivment blanks were . . 
analyzed. The analytical results of the equipment blank samples were apparently not 
included in this IMCR. Mr. Edens indicated that the equipment blank data was reviewed 
within the Data Validation Summary but was not specific>lly listed. Because this data is 
part of the public record, all quality control data must be provided in the final document for 
this SWMU. 

CH2M Jones Response 5: 
The data for the two samples in question (038EB027M4 and 038EB032M5) are 
summarized in the attached data summary table. 

6. The text on page 2-1 and the chain of custody forms indicate that soil samples 27,28, and 29 
were collected from 1 to 2 feet BLS. The Analvtical Data Summarv Tables, however, show , 
the same soil samples as being collected from 3 to 5 feet BLS. The correct sample depth 
must be addressed in the final document for this SWMU. 

CH2M Jones Response 6: 
The text and chain of custody report the correct sample interval. It was 
incorrectly entered info the database. A revised data summary table is attached. 
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field QC data.xls / PCB SO-Final 

Datecollected 
DateExtracted 
DateAnalped 

SDGNumber 

Page 1 

Parameter Units 
PCB-1016 (Arochlor 1016) ug/l 
PCB-1221 (Arochlor 1221) ug/l 
PCB-1232 (Arochlor 1232) ugil 
PCB-1 242 (Arochlor 1242) ug/l 
PCB-1 248 (Arochlor 1248) ug/l 
PCB-1 254 (Arochlor 1254) 
PCB-1260 (Arochlor 1260) ugll 
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Analytic, ,ata Summary 

Alpha-chlordane 
Beta BHC (Beta Hexachlorocyclohexane) 
Chlordane 
Delta BHC (Delta Hexachlorocyclohexane) 
Dieldrin 
Endosulfan I 
Endosulfan II 
Endosulfan Sulfate 
Endrin Aldehyde 
Endrin Ketone 
Endrin 
Gamma BHC (Lindane) 
Gamma-chlordane 
Heptachlor Epoxide 
Heptachlor 
Methoxychlor 
p,p'-DDD 
p,p'-DDE 
p,p'-DDT 
Toxaphene 

field QC data.xls / PEST SO-Final Page 1 
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PROJECT : SWMU 38, Zone A. Charleston Naval Complex LOCATION : Charleston. South Carolina 
DRILLING CONTRACTOR : Columbia Technologies License # 1485 

~ . 
NORTHING: 381712.2 

DRILLING METHOD AND EQUIPMENT USED : wsm augeffi . : :fi:7 .. . , . 7  . EASTING: 2315766.3 
NORTHING: 381.712.2 EASTING: 2.315.766.3 
WATER LEVELS : 2.Sbls START : 2/19/02 END: 2/19/02 LOGGER : Darryl Gates 

I 1 

9 CH2MHILL 
.111, 

1- Ground elevation at well 

2- Top of casing elevation 

3- Protective cover type 
a) concrete pad dimensions 

PROJECT NUMBER 

158814 

4- Dla.hype of well casing Pinch inside diameter schedule 40 PVC 
I 

WELL NUMBER 

A038GW004 SHEET I OF I 

5- Typelslot size of screen 0.010-inch slotted PVC I 

WELL COMPLETION DIAGRAM 

6- Type fliter pack 20B0 Sleve Size Silica Sand (5 bags) 

7- Type of seal 

8- Borehole diameter 

Note: Diagram not to osale. 



PROJECT : Charkxton Naval Crmplex - Zme A SWMU 38 LOCATION : Challenon, SC NORTHING' 333. 
ELEVATION : 7 DRILLING COKIR4CTOR Columbia Technoloqies License U 1465 EASTING: 2315783 6 
DRILLING MEWOD AND EQUIPMENT USED o&-q:~7+--~* 

DEPTHOF CASING. DRlWffi PATE. 
DRILLING FLUIDLOSS. 

ENN, SOILSTRUCTURE, TESTS. AND INSTRUMENTATION 

@ CH2MHILL - PROJECT NUMBER 

158814 
BORING NUMBER 

A038GW005 

SOIL BORING LOG 



IPROJECT NUMBER  WELL NUMBER 1 

I I 

PROJECT : SWMU 38. Zone A. Charleston Naval Complex LOCATION : Charleston. South Carolina 

DRILLING CONTRACTOR : Columbia Technologies License # 1485 .~~.  ". . . 
NORTHING. 381738.3 

DRILLING METHOD AND EQUIPMENT USED : ~ ~ i p @ ~ + ~ & ~ ~ . f ~ ~ : ~ ~ ~ ; ~ ,  '; ;: EASTING: 2315783.6 

NORTHING: 381.738.3 EASTING: 2,315,783.6 
WATER LEVELS : 2.5' bls START : 2/19/02 END: 2/19/02 LOGGER : Darryl Gates 

3 

1- Ground elevation at well 

2- Top of caslng elevation 7 fl a b v e  msl 

3- Protective cwer type flush mount manhole mu# 
a) mncrete pad dimensions 2 R x 2 R x 6' deep 

4- DiaJtype of well casing Pinch inside diameter schedule 40 PVC 

5 Typehlot sire of screen 0.010-inch sloned PVC 

6- Type f~ner pack 20130 Sieve Slre Sllica Sand (5 bags) 

7- Type of seal 318-inch bentonite chips 

?&$*$; ;?<.. 
8- Borehole diameter 

9- Grout Ponland cement 

Note: Diagram not to  scale. 

M 

e CHZMHILL 
1). 

158814 ( ~ 0 3 8 ~ ~ 0 0 5  SHEET I OF I 

WELL COMPLETION DIAGRAM 
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SWMU 38: Soil - Hypothetical Future Residential (Child) Scenario 
Zone. CNC. SC 

Carcinoaenic Noncarcinoaenic 
Ingestion: 
ln6ke lor non-caran0gen.c compounds Age-specf1,c .ntake (lor carc nogen c compounds only) 
CDI= Cs ' IR 'FI 'ET 'EF'ED'CF CDI.,, = Cs ' FI ' ET ' EF ' CF ' 1% 

BW'AT AT 

Concentration In soil (mgfkg) 
Ingestion Rate (mglday) 
Age-Specific Factor (ingestion) (mg - year)/(kg 
Fraction Ingested (unitless) 
Exposure Time (4 hours per 24-hour day) 
Exposure Frequency (daylyear) 
Exposure Duration (year) 
Conversion Factor (kglmg) 
Body Weight (kg) 
Averaging Time (days) 

RME 
N/A 

-day) 200.00 c 
100% 
1.000 b 

350 a 
N/A 

1.00E-06 
NIA 

25550 a 

RME 
200 a 
N/A 

1W% 
1.000 b 

350 a 
6 a 

1.00E-06 
15 a 

2190 a 

Dermal: 
CDI= Cs'SA'AF'ABS'ET'EF'ED'CF 

BW'AT 
Cs = Concentration in soil (mgfkg) RME RME 
SA = Surface Area ( c d )  1418 d 1418 d 
AF = Soil-Skin Adherence Factor (mglcd) I e I e 
ABS = Absorption Factor (unitless) (Chemical Specific) g (Chemical Specific) g 
ET = Exposure Time (4 hours per 24-hour day) 1.000 b 1.000 b 
EF = Exposure Frequency (daylyear) 350 a 350 a 
ED = Exposure Duration (year) 6 a 6 a 
CF = Conversion Factor (kglmg) 1.00E-06 1.00E-06 
BW = Body Weight (kg) 15 a 15 a 
AT = Averaging Time (days) 25550 a 2190 a 

Inhalation: 
CDI = Cs ' IIIPEF) ' IR ^ ET ' EF ED 

BW'AT 

c s  = 
PEF = 
IR = 
ET = 
EF = 
ED = 
BW = 
AT = 

Concentration in soil (mgkg) 
Particulate Emission Factor (m3/kg) 
Inhalation Rate (m3/day) 
Exposure Time (4 hours per 24-hour day) 
Exposure Frequency (daylyear) 
Exposure Duration (year) 
Body Weight (kg) 
Averaging Time (days) 

RME RME 
.32E+09 f 1.32E+09 f 

15 a 15 a 
0.167 b 0.167 b 

350 a 350 a 
6 a 6 a 

15 a 15 a 
25550 a 2190 a 

References: 
a = U.S. EPA. Human Health Evaluation Manual, Supplemental Guidance: "Standard Default Exposure 

Factors,' OSWER Directive 9285.6-03, March 25, 1991. 
b =Time spent outdoors in the contaminated areas using best profess~onal judgement, based on the 

nature of the activity per NASA 1997 workplan. 
c = Age-adjusted ingestion rate for adults, adjusted for body weight and time for carcinogenic exposure. 

lRadi = IRc x EL + IRa x (EDa - EDc) = + 100 x (30.6) 
BWc BWa 15 70 

= 2W.00 (mg-year)/(kg-day) 
d = Surface area of hands. 112 arms and feet of an adult for exDosure to soils. ada~ted from 

CEHT, Technical Report So11 Cleanup Target level; tor FDEP, ~ep te iber  2, 1997 
e = U S EPA Dermal Exwsdre Assessmenf Pnnc,oles and Aoolcat,on. Januaw 1992 . . 
I = Particulate emission iactor (PEF), adapted from U.S.EPA. Soil screening ~uidance: Technical Background 

Document, May 1996. 
g = Chemical-specific absorption factors are found in Table 8.4 & Appendix C 

09/03/2002 (436 PM) 



SWMU 38: Soil -Hypothetical Future Residential (Child) Carcinogenic Scenario 
Zone, CNC, SC 

lnaestion Dermal Inhalation 
Unlts Chemical WOE SFo SFi RME ABS CDI ELCR CDI ELCR CDI ELCR 
MGIKG Aroclor-1260 8 2  2.00E+00 2.38E-01 0.06 2.72E-07 5.45E-07 1.85E-08 3.70E-08 2.47E-12 

Total RisK 5.45E-07 3.70E-08 ~ ~- 

Total Risk = 5.82E-07 
Notes: WOE = Weisht of Evidence: CDI =Chronic Dailv Intake: RME = Reasonable Maximum Exoosure Concentration: 

ELCR = ~ x & s s  Lifetime cancer Risk 

09l03i2002 (4:36 PM) 



SWMU 38: Soil - Hv~olhetical Future Residential iAdulll Scenario 

Carcinoqenlc Noncarcinouenic 
Ingestion: 
Intake for non-carcinogenic compounds: Age-specific intake (for carcinogenic compounds only): 
CDI= Cs* IR 'F I *ET*EF*ED'CF CDl,,= Cs.FI'ET'EF*CF'l& 

BW'AT AT 

c s  = 
IR = 
IR,GI= 
FI = 
EF = 
ED = 
CF = 
BW = 
AT = 

Dermal: 
CDI = 

c s  = 
SA = 
AF = 
ABS = 
ET = 
EF = 
ED = 
CF = 
BW = 
AT = 

Concentration in soil (mglkg) 
Ingestion Rate (mglday) 
Age-Specific Factor (ingestion) (mg - year)/(kg - day) 
Fractlon Ingested (unitless) 
Exposure Frequency (daylyear) 
Exposure Duration (year) 
Conversion Factor (kglmg) 
Body Weight (kg) 
Averaging Time (days) 

Cs*SA'AF 'ABS'ET*EF 'ED'CF 
BW'AT 

Inhalation: 

Concentration in soil (mglkg) 
Surface Area (cmZ) 
Soil-Skin Adherence Factor (mglcn'?) 
Absorption Factor (unitless) 
Exposure Time (4 hours per 24-hour day) 
Exposure Frequency (daylyear) 
Exposure Duration (year) 
Conversion Factor (kglmg) 
Body Weight (kg) 
Averaging Time (days) 

CDI = 

c s  = 
PEF = 
IR = 
ET = 
EF = 
ED = 
BW = 
AT = 

Cs ' IIIPEF) IR ET ' EF ' ED 
BW'AT 

Concentration in soil (mglkg) 
Particulate Emission Factor (m3/kg) 
Inhalation Rate (m3/day) 
Exposure Time (4 hours per 24-hour day) 
Exposure Frequency (daylyear) 
Exposure Duration (year) 
Body Weight (kg) 
Averaging Time (days) 

RME 
N/A 

114.29 c 
100% 

350 a 
NIA 

1 .WE-06 
NIA 

25550 a 

RME 
2936 d 
I e 

(Chemical Specific) g 
0.167 b 

350 a 
30 a 

1 .OOE-06 
70 a 

25550 a 

RME 
1.32E+09 f 

20 a 

RME 
100 a 
N/A 

100% 
350 a 
30 a 

RME 
2936 d 

1 e 
(Chemical Specilic) g 

0.167 b 
350 a 
30 a 

1.00E-06 
70 a 

10950 a 

RME 
1.32E+09 1 

20 a 
0.167 b 

350 a 
30 a 
70 a 

10950 a 

References: 
a = U.S. EPA, Human Health Evaluation Manual, Supplemental Guidance: "Standard Default Exposure 

Factors." OSWER Directive 9285.6-03. March 25. 1991. 
b = Time spent outdoors in the contaminated areas using best professional judgement, based on the 

nature of the activity per NASA 1997 workplan. 
c = Age-adjusted ingestion rate for adults, adjusted for body weight and time for carcinogenic exposure. 

IRadj = IRc x EC + IRa x IEDa - EDcl = a + 100 x (30-6) 
BWc BWa 15 70 

= 114.29 (mg-year)/(kg-day) 
d = Surface area of hands. 112 arms and feet of an adult for exposure to soils, adapted from 

CEHT, Technical Report: Soil Cleanup Target Levels for FDEP, September 2, 1997. 
e = U.S. EPA Dermal Exposure Assessment: Principles and Application. January 1992. 
f = Particulate emission factor (PEF), adapted from U.S.EPA, Soil Screening Guidance: Technical Background 

Document, May 1996. 
g = Chemical-specific absorption factors are found in Table 8.4 & Appendix C 

SWMU38.ResAduk.Sol.XLS 0910312002 (4:37 PM) 



SWMU 38: Soil . Hypothetical Future Residential (Adult) Carcinogenic Scenario . . 
Zone A, CNC, SC 

lnaestlon Inhalation 
Units Chemical WOE SF0 SF1 RME ABS CDIadI ELCR CDI ELCR CDI ELCR 
MGIKG Aroclor-1260 62 2.00E+00 2.38E-01 0.06 3.73E-07 7.46E-07 4.1 1 E-08 8.23E-08 3.54E-12 

Total Risk 746E-07 8 23E-08 --. . --- .. 
Total Risk = 8.28E-07 

Notes: WOE = Weiaht of Evidence: CDI = Chronlc Dailv Intake: RME =Reasonable Maximum Exoosure Concentration: 
ELCR = ~ x & s s  Lifetime cincer Risk 

SWMU38_ResAdun_Sod,XLS 09/03/2002 (4:38 PM) 



Printed an: 09/03/2002 437 PM 

Groundwater (Potable Use) - Hypothetical Future Residential Child Scenario - All Chemicals 
Zone A, CNC 

Carcinoaenic Noncarcinoaenic 
Ingestion: 
Intake for noncarcinoaenic and carcinoaenic comDounds: " 
CDI = C ' IR*  EF'ED 

B W ' A T  

C, = Concentration in groundwater (mgIL) 
IR = lngestion Rate (Uday) 
EF = Exposure Frequency (daylyear) 
ED = Exposure Duration (year) 
BW = Body Weight (kg) 
AT T. Averaging Time (days) 

RME RME 
I a 1 a 

350 a 350 a 
6 a 6 a 

15 a 15 a 
25550 a 2190 a 

Inhalation: 
CDI = Ingestion CDI from above' 

References: 
a = U.S. EPA, Human Health Evaluation Manual, Supplemental Guidance: "Standard Default Exposure Factors" 

OSWER Directive 9285.6-03. March 25, 1991. 
b = US EPA Exposure Factors Handbook, August 1997. 

Manual, Supplemental Guidance, Dermal Risk Assessment, Interim Guidance, May 1998. 
c =Total Body Surface Area represents whole body (average of male & female children (1 -6 years old)). 
d = Dermal Permeability Constant for water (0.001) used for constituents without a PC value; all values adapted 

from EPA, Dermal Exposure Assessment: Principles and Applications, January 1992. 
e = 10 minute event x 1 hour160 minutes x 1 day124 hours = 0.007 day per event. 
f = follows EPA Region IV guidance (i.e., inhalation of groundwater volat~les while showeringbathing 

is accounted for by doubling the ingestion volume), USEPA Supplemental Guidance to RAGS: Region 4 
Bulletins, Human Health Risk Assessment, Interim, November 1995. 



Printed on: 0910312002 4:37 PM 

Groundwater (Potable Use) - Future Residential Child Carcinogenic Scenario - Ail Chemicals 
Zone A, CNC 

lnaestion Inhalation' 
Units Chemical WOE SFo SFi RME CDI ELCR ELCR 
MG/L 4,4-DDD 2.40E-01 5.72E-04 3.13E-06 7.5E-07 
MGlL Heptachlor 4.50E+00 4.50E+00 2.05E-05 1.12E-07 5.1 E-07 5.1 E-07 
MG/L Acetone 2.31E-01 1.27E-03 

Total Risk 1.3E-06 5.1 E-07 
Notes: Total Risk = 1.8E-06 
WOE = Weight of Evidence; CDI = Chronic Daily Intake; RME = Reasonable Maximum Exposure; 
ELCR = Excess Lifetime Cancer Risk, ' = inhalation intake (CDI) = ingestion intake 

GNVISWMU38_ResC.GW_Sitereiated.xlsl Carcinogenic 



Printed on: 05, .J02 4:37 PM 

Groundwater (Potable Use) - Hv~othetical Future Residential Child Non-Carcinoaenic Scenario - All Chemicals . .. - 
Zone A, CNC 

lnaestion Inhalation* 
Units Chemical WOE RfDo RfDd Rf Di RME CDI HQ HQ 
MGIL 4.4-DDD 5.72E-04 3.66E-05 
MGlL He~tachlor 5.00E-04 2.05E-05 1.31 E-06 2.6E-03 
MGlL ~cetone 1.00E-01 2.31 E-01 1.48E-02 1.5E-01 

Hazard Index 1.5E-01 
Total Hazard lndex 1.5E-01 

Notes: WOE = Weight of Evidence; CDI =Chronic Daily Intake; RME = Reasonable Maximum Exposure; 

GNVlSWMU38_ResC_GW_SiereIated.~ls I Noncarcinogenic 



Printed on: GWWXW 437 PM 

Groundwater (Potable Use) - Hvwthetical Future Residential Adult Scenario -All Chemicals , .. 
Zone A. CNC 

Carclnoaenic Noncarcinoqenic 
Ingestion: 
Intake for non-carcinoaenic comoounds: Aae-soecific intake (for carcinoaenic com~ounds onlv): - 
CDI = C ' IR* EF'ED 

BW'AT 

- .  - 
CDIadI = C., * EF ' CF ' IR, 

AT - .. . .. 

C, = Concentration in groundwater (mg/L) 
IR = lngestion Rate (Uday) 
IRadI = Age-adjusted lngestion Rate (L-yearlkg-day) 
EF = Ex~osure Freauencv Idavlvear) 
ED = ~xposure ~uration iydarj 
BW = Body Weight (kg) 
AT = Averaging Time (days) 

RME 
NIA 
1.1 b 

350 a 

RME 
2 a 

NIA 
350 a 

Inhalatlon: 
CDI = lngestion CDI from above' 

References: 
a = U.S. EPA, Human Health Evaluation Manual. Supplemental Guidance: "Standard Default Exposure Factors" 

OSWER Directive 9285.6-03. March 25, 1991. 
b = Age-adjusted ingestion rate for adults, adjusted for body weight and time for carcinogenic exposure. 

lRadj = IRc x EDc + IRa x (EDa- EDc) = - 1 x 6  + 2x0 
BWc BW a 15 70 

1.09 (L-year)/kg-day) 
b = USEPA Exposure Factors Handbook, August 1997 
c = Total Bodv Surface Area reDresents whole bodv laveraae of male & female adults). , . - 
f = Age-adjusted surface area for adults, adjusted for body weight and time for carcinogenic exposure. 

SAadj = SAC x ED, + SAa x (EDa - EDc = + 20000 x 130-6) 
BWc BWa 15 70 

9480 (cm2 -year)/(kg) 
d = Dermal Permeability Constant for water (0.001) used for constituents wlthout a PC value; all values adapted 

from EPA. Dermal Exoosure Assessment: Princi~les and Amlications. Januarv 1992. , . 
e = 10 m nute event x 1 nourr60 m nutcs x 1 day124 nods = 0 007 day per event 
f = follows EPA Realon IV au dance (I e . nhalatfon of aroundwater volat~les wh~ie shower~nulbalh~na - - - - - 

IS acco-nled for oy doubl ng the lngeston volume), USEPA Supplemental Gu.dance lo RAGS Rcg~on 4 
B JI etlns, Hdnan Healtn R~sk Assessment, Inlor~m, November 1995 

GNViSWMU%.ResA.GWdr / Intake 



Printed on: 05, .J02 437 PM 

Groundwater lPotable Use) - Hv~othetical Future Residential Adult Carcinoaenic Scenario - All Chemicals , ,. - 
Zone A, CNC 

Ingestion Inhalation' 
Units Chemical WOE SFo SFi RME CDI ELCR ELCR 
MGIL 4.4-DDD 2.40E-01 5.72E-04 8.51 E-06 2.OE-06 

MG/L ~cbtone 2.31~-01 3.44~-03 
MG/L Cis-l,2-DCE 3.61E-03 5.37505 
MG/L Total 12-DCE 4.67E-03 6.95E-05 
MGIL Vinyl Chloride 7.20E-01 1.50E-02 9.95503 1.48E-04 l.lE-04 

Total Risk l.lOE-04 1.4E-06 
Notes: Total Risk = 1 E-04 
WOE = Weight of Evidence; CDI =Chronic Daily Intake; RME = Reasonable Maximum Exposure; 
ELCR = Excess Lifetime Cancer Risk, ' = inhalation intake (CDI) = ingestion intake 

GNViSWMU38_ResA-GW.xIs I Carcinogenic 



Printed on: 0910312002 437 PM 

Groundwater (Potable Use) - Hypothetical Future Residential Adult Non-Carcinogenic Scenarlo - All Chemicals . .. - 
Zone A, CNC 

lnaestion Inhalation' 
Units Chemical WOE RfDo Rf Di RME CDI HQ HQ 
MGIL 4.4-DDD 5.72E-04 1.57E-05 
MGIL Heptachlor 
MGIL Acetone 
MGIL Cis-l,2-DCE 
MGIL Total 1.2-DCE 
MGIL Vinyl Chloride 3.00E-03 2.80E-02 9.95E-03 2.73E-04 9.1E-02 9.7E-03 

Hazard Index 1.8E-01 9.7E-03 
Notes: Total Hazard Index = 1.9E-01 
WOE = Weiaht of Evidence: CDI =Chronic Dailv Intake: RME = Reasonable Maximum Exoosure: - 
HQ = Hazard Quotient; HI = Hazard Index; ' = inhalation Intake (CDI) = lngestion intake 



Printed on: cNUKQ2 4 . 3  PM 

Groundwater (Potable Use) - Hypothetical Future Residential Adult Scenario - All Chemicals 
Zone A, CNC 

Carcinosenic Noncarcinosenie 
Ingestion: 
Intake for non-carcinogenic compounds: Age-specific intake (for carcinogenic compounds only): 
CDI = C 'IR'EF'ED CDIadI = C, EF CF ' IR* 

BW' AT AT 
C, = Concentration in groundwater (mg/L) RME RME 
IR = Ingestion Rate (Uday) NIA 2 a 
IR,,, = Age-adjusted Ingestton Rate (L-yearkg-day) 1.1 b NIA 
EF = Exposure Frequency (daylyear) 350 a 350 a 
ED = Exposure Duration (year) 30 a 30 a 
BW = Body Weight (kg) 70 a 70 a 
AT = Averaging Time (days) 25550 a 10950 a 

Inhalation: 
CDI = Ingestion CDI from above' 

References: 
a = U.S. EPA. Human Health Evaluation Manual. Supplemental Guidance: "Standard Default Exposure Factors' 

OSWER Directive 9285.6-03, March 25. 1991. 
b = Age-adjusted ingestion rate for adults, adjusted for body weight and time for carcinogenic exposure. 

IRadj = lRc x EDc + IRa x 1EDa - EDcl = - 1 x 6  + 2 x 130-61 
BWC BWa 15 70 

1.09 (L-yeary(kg4ay) 
b = USEPA Exposure Factors Handbook. August 1997 
c =Total 6ody'surface Area represents whole body (average of male 8 female adults). 
f = Age-adiusted surface area for adults, adiusted for body weight and time for carcinogenic exposure . - 

~ ~ a d j  = SAC x ED8 + SAa i [EDa- EDc = + 20000 x 130-61 
BWc BWa 15 70 

9480 (cm2 -year)/(kg) 
d = Dermal Permeabilitv Constant for water 10.001) used for constituents without a PC value: all values ada~ted 

from EPA, ~e rma l  Exposure ~ss&neA t :  Principles and ~ ~ ~ l i c a t i o n s .  January 1992. 
e = 10 minute event x 1 hour160 minutes x 1 davl24 hours = 0.007 dav oer event. , . 
f = lo1 ows EPA Reg~on IV gufdance (I e . ~nhalauon of groLndwater volat les wh~le shoncrlnqBathlng 

.s accounlea for bv douol~na tne ~naestlon volume). USEPA SuDDlemental Gu~dance to RAGS Rewon 4 
Bulletins, Human ~ea l th  ~ i s k  ~ssissment, lnterim, ~overnber'l995. 

GNVlSWMU3~Re5AGW.SflereIated.d~ I lntake 



Printed on: 09/03/2002 4:38 PM 

Groundwater (Potable Use) - Hvpotheticai Future Residential Adult Carcinoaenic Scenario - All Chemicals . .. - 
Zone A, CNC 

lnaestion Inhalation' 
Units Chemical WOE SFo SFi RME CDI ELCR ELCR 
MGlL 4,4-DDD 2.40E-01 5.72E-04 8.51E-06 2.OE-06 
MGlL Heptachlor 4.50E+00 4.50E+00 2.05E-05 3.05E-07 1.4E-06 1.4E-06 
MGlL Acetone 2.31E-01 3.44E-03 

Total Risk 3.4E-06 1.4E-06 
Notes: Total Risk 5E-06 
WOE =Weight of Evidence; CDI =Chronic Daily Intake; RME = Reasonable Maximum Exposure: 
ELCR = Excess Lifetime Cancer Risk, '=inhalation intake (CDI) = ingestion intake 

GNVISWMU38-ResA-GW-Siterelated.xls / Carcinogenic 



Printed on: OL ~ 0 2  4:38 PM 

Groundwater (Potable Use) - Hypothetical Future Residential Adult Non-Carcinogenic Scenario - All Chemicals 
Zone A, CNC 

lnaestlon Inhalation' 
Units Chemical WOE RfDo RfDi RME CDI HQ HQ 
MGlL 4,4-DDD 5.72E-04 1.57E-05 
MGlL Hentachlor 5.00E-04 2.05E-05 5.62E-07 1 .I E-03 .~ ~,~~~~~ 
MGlL Acetone 1.00E-01 2.31E-01 6.33E-03 6.3E-02 

Hazard Index 6.4E-02 
Notes: Total Hazard Index = 0.064 
WOE =Weight of Evidence; CDI = Chronic Daily Intake; RME = Reasonable Maximum Exposure; 
HQ = Hazard Quotient; HI = Hazard Index; ' = inhalation ~ntake (CDI) = ingestion intake 

GNVISWMU38-ResA_GW_Sitereiated.xls I Noncarcinogenic 



Printed on: W10W002 4.38 PM 

Groundwater (Potable Use) - Hypothetical Future Residential Child Scenario - All Chemicals 
Zone A. CNC 

Carcinoqenic Noncarcinoqenic 
Ingestion: 
Intake for non-carcinogenic and carcinogenic compounds: 
CDI = C 'IR' EF'ED 

BW'AT 
C, = Concentration in groundwater (mg1L) RME 
IR = Ingestion Rate (Uday) 1 a 
EF = Exposure Frequency (daylyear) 350 a 
ED = Exposure Duration (year) 6 a 
BW = Body Weight (kg) 15 a 
AT = Averaging Time (days) 25550 a 

Dermal: 
Intake for non-carcinogenic and carcinogenic compounds: 
CDI = C *SA'PC'ET*EF'ED*CF 

BW'AT 

C, = Concentration in groundwater (mg/L) 
SA = Surface Area (crr?) 
PC = Dermal Permeab~lity Constant (crdhr) 
ET = Exposure Time (hrlday) 
EF = Exposure Frequency (daylyear) 
ED = Exposure Duration (year) 
CF = Conversion Factor (L/cm3) 
BW = Body Weight (kg) 
AT = Averaging Tlme (days) 

RME 
6557 b, c 

(Chemical Specific) d 
0.007 b,e 

350 a 
6 a 

1.00E-03 
15 a 

25550 a 

RME 
1 a 

350 a 
6 a 

15 a 
2190 a 

RME 
6557 b, c 

(Chemical Specific) d 
0.007 b,e 

350 a 
6 a 

1.00E-03 
15 a 

2190 a 

Inhalation: 
CDI = Ingestion CDI from above' 

References: 
a = U.S. EPA, Human Health Evaluation Manual, Supplemental Guidance: "Standard Default Exposure Factors" 

OSWER Directive 9285.6-03, March 25, 1991. 
b = US EPA Exposure Factors Handbook, August 1997. 

Manual, Supplemental Guidance. Dermal Risk Assessment, Interim Guidance, May 1998. 
c = Total Body Surface Area represents whole body (average of male & female children (1-6 years old)). 
d = Dermal Permeabil~ty Constant for water (0.001) used for constituents w~lhout a PC value: all values adapted 

from EPA. Dermal ExDosure Assessment: Pnncmles and A~~l icat ions. Januaw 1992. 
e = 10 minute eventx 1 hourl60'minutes x 1 day124 hours = 0.007 da; ber event: 
f = foltows EPA Reglon IV gu~dance (I e . lnhalatlon of groundwater volaules wnlle shower~ng/bath~ng 

IS accounted for bv do~bllna the inaestcon volume). USEPA Su~~ lemen la l  Gutdance to RAGS Realon 4 
Bulletins, Human Health ~ i i k  ~sseisment, interim; November i995. 

GNV/SWMU38ResC_GW.xls / Intake 



Printed on: L 102 438 PM 

Groundwater (Potable Use) - Future Residential Child Carcinogenic Scenario -All Chemicals 
Zone A, CNC 

lnaestion Inhalation* 
Unlts Chemical WOE SF0 SF; RME CDI ELCR ELCR 
MGIL 4,4-DDD 2.40E-01 5.72E-04 3.13E-06 7.5E-07 
MGlL Heptachior 
MGlL Acetone 
MGIL Cis-l,2-DCE 
MGIL Total 1,PDCE 4.67E-03 2.56E-05 
MGIL Vinyl Chloride 1.40E+00 3.00E-02 9.95E-03 5.45E-05 7.6E-05 

Total Risk 7.8E-05 5.1 E-07 
Notes: Total Risk = 8E-05 
WOE =Weight of Ev:dence; CDi = Chron~c Da: y Intake, RME = Reasonable Maxmurn Exposure; 
E-CR = Excess Liletirne Cancer R:sk, ' = Inhaial.on ntake (CDi] = .ngestion make 

GNVlSWMU38-ResC-GW.xis I Carcinogenic 



Printed on: 0910312002 4:38 PM 

Groundwater (Potable Use) -Hypothetical Future Residentlal Child Non-Carcinogenic Scenario - All Chemicals 
Zone A, CNC 

lnaestion Inhalation* 
Units Chemical WOE RfDo RfDd RfDl RME CDI HQ HQ 
MGIL 4,4-DDD 5.72E-04 3.66E-05 
MGIL Heptachlor 
MGIL Acetone 
MGIL Cis-1 ,PDCE 
MGIL Total 1.2-DCE 
MG/L Vinyl Chloride 3.00E-03 2.80E-02 9.95E-03 6.36E-04 2.1E-01 2.3E-02 

Hazard Index 4.2E-01 2.3E-02 
T o t a l  H a z a r d  I n d e x  = 4.4E-01 

Notes: WOE = Weight of Evidence; CDI =Chronic Daily Intake; RME = Reasonable Maximum Exposure; 

GNV/SWMV3BResC_GW.xls i Noncarcinogenic 
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